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BASIC PROBLEMS OF RADIATION BIOCHEMISTRY 
A.G. Pasynskii and N.N. Demin 


Translated from Biokhimiya Vol. 25, No. 3, pp. 385-392, 


May-June, 1960 


The great problems of building communism in our 
country open up broad perspectives for the. peaceful use 
of atomic energy in all branches of the national economy, 
medicine and scientific research: Progress in the pro- 
duction of atomic energy, the increase in the number of 
atomic stations, of various nuclear reactors and of 
atomic particle accelerators, the widespread use of 
radioactive isotopes as sources of radiation and as indi- 
cators, all are unavoidable accompanied by a consider- 
able increase in the number of persons who come into 
contact with nuclear radiations, The waste of atomic 
production also can have an effect on animals, plants 
and microorganisms, on the world of living substances 
on land, in the water, and in the air. The prevention of 
the harmful effects of radiation is one of the most im- 
portant problems of cosmic flight. lonizing radiation 
is becoming at the present time a new, important factor 
of outer space which exerts a substantial influence on 
all living organisms (and, in patricular, on the human 
organism) which have not undergone evolutionary adap- 
tation to this influence. As a result, the problem of 
the biological effect of ionizing radiation is one of the 
leading problems of contemporary science. On its 
solution will depend not only the development of biology 
and medicine, but also in a series of instances the 
direction of the technical utilization of atomic energy. 

A profound knowledge of the mechanism of the 
biological effect of radiation is necessary for the ef- 
fective protection of living organisms from the harmful 
influence of radiation, and equally for the efficient use 
of the effect of radiation on living organisms. This 
knowledge can be based only upon clarification of the 
biochemical principles of radiobiological effect, on 
the study of the changes in metabolic processes in the 
living organism caused by the action of radiation. In 
this respect investigations in the field of radiation bio- 
chemistry undoubtedly have a basic value for all 
radiation biology. 

It must be acknowledged that questions of the 
biological effect of ionizing radiation present bio- 
chemistry with exceptionally complicated and difficult 
problems. In essence, all the problems of biochemistry - 
- questions of albuminous, nucleinic, carbohydrate and 
lipid change, of the structure of molecules of all forms 
of biopolymers, a majority of the problems of general, 
medicinal and technical biochemistry must be in- 
vestigated with regard to the distrubances and changes 
brought about by the influence of radiation, since all 
of them are altered to some extent and acquire new 


and original features which must be the subject of 

special study. Thus it is necessary to work through all 

of biochemistry, as it were anew, from the aspect of 
radiation. A series of specific problems confronts 
radiation biochemistry, questions which have fundamental 
importance for this area of biochemistry and distringuish 
it from the broader fields of radiation biology which 
include many other problems. 

The fact is, that although ionizing radiation ap- 
pears to be a powerful physical factor with an effect 
on living organisms, at the very moment of this effect 
it causes, in the substances of living organisms chemical 
changes, which appear to be the cause of all the sub- 
sequent biochemical, physiological, and morphological 
distrubances. Thus,at the initial moments of the ef- 
fect of radiation on living organisms, the physical, 
chemical and biological factors are closely intermingled 
with one another; consequently, radiation biochemistry 
as a branch of science is closely connected with such 
disciplines as the physics of the interaction of radiation 
with a substance and radiation chemistry. Therefore, 
physical problems are important to radiation chemistry; 
such problems as the mechanism of the transfer of 
energy from ionizing particles, the spatial distribution 
of fonization, the formation of radicals, of new and 
excited molecules in an exposed substance, the yield 
of these products, their energy level, the kinetics of 
the reaction between them and other particles, their 
deactivation or preservation, the effect of the magni- 
tude of the dose and of different types of radiation, the 
effect of the dimensions and state of aggregation of 
the molecules of the medium, etc, 

Of still greater importance for radiation bio- 
chemistry are investigations in the radiation chemistry 
of water, of aqueous solutions and of simple and 
complex organic substances. The nature and the 
of radiolysis of water under different conditions of 
radiation exert an important influence on the rate of 
a series of biochemical processes. The reactions 
caused by the action of radiation~ deamidization, 
oxidation, decarboxylation, isomerization, destruction 
or, conversely, polymerization, the formation of 
chemical bonds ("seams") between molecules— are 
matters of great interest for radiation biochemistry, 
which grows still more when one considers the sub- 
stances of biochemical importance— amino acids, 
simple carbohydrates, thiols, fatty saturated and un- 
saturated acids, phospholipids, purines and pyrimidines, 
mononucleosides and nucleotides, and others. Apart 
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from the chemical changes which have been mentioned, 
in the action of radiation on pure substances and their 
aqueous solutions, the study of dependence of chemical 
radiation yields upon the size and strength of the dose, 
the form of radiation, temperature and composition of 
the medium, the dimensions and structure (linear, 
cyclic, branched) of the molecule, etc., is of great 
importance. In mixtures of various compounds even 

at this level an action that is both shielding and 
sensitizing can be observed, depending, for example, 
on the correlation of the ionization potentials and the 
excitation of the compounds, on the correlation of the 
compounds and other factors; the importance of 
establishing quantitative rules in this area appears 
sufficiently obvious. 

It is also meaningful for radiation biochemistry 
thatradiational chemical changes in complex mole- 
cules of polymers often differ noticeably from anal- 
ogous changes in the corresponding lower-molecular 
substance, because in complex molecules the proba- 
bility of internal conversion rises. It is likewise 
necessary to study disturbances of the regularity of a 
macromolecular structure originating in local chemi- 
cal changes and capable of extending, for example, 
to tens of atomic radii from the place of a given 
*seam ". 

Inseparable parts of radiation chemistry proper are 
investigations of radiation chemical changes in pure 
albumins, enzymes, hormones, nucleic acids, poly- 
saccharides, various proteins, etc. Complete knowledge 
must be obtained of changes inthe chemical makeup 
of alumins—the oxidation of mercapto groups, chro- 
mophoric groupings, disturbances of spatial structure, 
the combining capacity of various organic substances, 
the study of radicals and excited states in albumin 
molecules, radiation aftereffects in albumins. In 
studying the effects of exposure of biologically active 
albumins (enzymes, albuminous hormones, etc.), 
side by side with the clarification of all these problems, 
the comparison of chemical and structural changes 
with changes of specific activity and the determi- 
nation of the dimensions and structure of active centers 
(see below), and the like, have great importance. 

With regard to nucleic acids, in addition to study of 
chemical changes, the process of polymerization is of 
special interest, as are changes in resistance to hydrolysis 
and in the dimensions and hydrodynamic properties of 
the molecules; for biologically active preparations 
(transforming DNK, virus nucleic acids), the study of the 
dependence between radiation damage and changes in 
the transmission of information, even in other forms of 
specific activity, is of great interest. With regard to 
pure lipids there is much interest in the investigation of 
oxidation of unsaturated fatty acids, the formation by 
them of peroxides and aldehydes and the study of their 
chemical nature and toxic properties. No less important 
is the study of the effect of radiation on various proteins 
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~nucleoproteins, lipoproteins, glycoproteins, chromo- 
proteins—and also on albuminous complexes, including 
complexes of albumins with one another, complexes of 
enzymes with other substances, etc,, since the decom- 
position of these proteins or complexes, or the screening 
effect of one of the components of a complex on another 
component in the presence of radiation, has great bio- 
chemical interest. 


Another of the interesting directions of investigation 
fs the application of the statistical theory of radiation 
inactivation to determine the dimensions of biologically 
active molecules or active centers of the molecules of 
enzymes, hormones, viruses, alkalides and others in the 
pure form or even in the form of impure preparations 
(the latter case has special importance, as these substances 
are sometimes difficult to prepare in the high purity or 
crystalline state necessary for the determination of their 
dimensions by ordinary methods). By combining ex- 
posure to protons or deuterons with exposure to electrons, 
it is possible in this way to arrive at a determination not 
only of the dimensions but also of the configuration of 
the investigated molecules. 


At this level of research on the effect of radiation 
on the basic classes of biopolymers and biochemically 
important substances a number of important problems 
arise which have a general significance for all subsequent 
biochemical investigations but partially also refer to 
simpler substances. 


To avoid repetition in the future we will point out 
that among such general problemswhich embrace all 
levels of the effect of radiation—from modifications of 
albumin molecules to the rupture of chromosomes and 
general disease of the organism~are, for example, 
problems of the direct and indirect effect of radiation, 
of shielding or synergetic effect of present or added 
substances, the relative roles of the various radiolysis 
products of water (H, OH, HO, H,O, and others), organic 
radicals and excited molecules, the peroxides and 
aldehydes of organic molecules, the role of the oxygen 
effect (which appears to be one of the fundamental ef- 
fects in radiobiology), of radiation aftereffect, the in- 
fluence of the temperature, composition and concentra- 
tion of the solution, migration of energy of excitation, 
and many others. All these problems must be investigated 
in the presence of the effect of various forms of radia- 
tion— x-rays and gamma-rays, proton, deuteron, electron 
and neutron beams at various magnitudes of the fonizing 
particles and intensities of their current, and likewise in 
the presence of the effect of various radiomimetic sub~ 
stances. This program for the various levels of bio- 
chemical investigations still remains hardly started. It 
is also necessary to note these investigations must lead 
to the development of a quantitative theory and the 
establishment of a series of precise quantitative rules, 
which in radiation chemistry are still very small in 
number. 





But all the directions of investigation enumerated 
above represent only the foundation of radiation bio- 
chemistry in which it is especially closely united with 
radiation chemistry. For radiation biochemistry proper, 
substantial interest is presented not only by chemical or 
structural modifications of the molecules of biopolymers 
or other biologically important substances. In the living 
cell they do not act in a homogeneous solution, but 
often enter into the composition of complex intracellular 
structures, of the nucleus, mitochondria, microsomes, 
plastids, and various membranes and protoplasmic sur- 
faces ofseparation. Injury of the molecule in a homo- 
geneous solution and injury of the same molecule in 
one of the intracellular membranes, for example, in a 
bimolecular layer of lipids, can have a completely * 
different aftereffect on the activity of the cell. Chemi- 
cal changes, the destruction and “seaming” of injured 
molecules located in thin surfaces of separation, can 
lead to a sharp modification of permeability or of the 
surface potentials, with subsequent disturbances of the 
normal course of the processes of exchange. The study 
of change in the properties of biopolymeric molecules 
in a film or monomolecular state makes up an im~ 
portant class of the investigations of radiation bio- 
chemistry, and one which still {s poorly developed. In 
view of the importance of investigations of chemical 
and structural modifications in exposed molecules of 
biopolymers and other biologically important substances, 
it should be noted that in these investigations the role 
of the intracellular structures and the complex hetero- 
geneity of the internal structure of the cytoplasm are 
often ignored. The primary mechanisms of the effect 
of radiation are sometimes discussed in the literature 
as if the cell were simply a. homogeneous solution of 
various substances, while the complex intracellular 
structures form qualitative features in the effect of 
radiation on a living cell in comparison with their effect 
on isolated substances of the cell and divide radiation 
biochemistry and radiobiology proper from the radiation 
chemistry of complex molecules. 

In the action of radiation upon a living cell there 
occurs not only an immediate modificationof the 
chemical composition or quantitative content of various 
substances, but likewise a disturbance of the spatial 
coordination of the processes of exchange. Any cell of 
a living body functions in conditions of constant dif- 
fusion of metabolites in the cell and the transfer of re- 
action products from the cell into the environment, 
that is, forms a so-called open system. It is natural 
therefore that a theory of the action of radiation on 
living organisms must take into consideration the total 
properties of the chemical processes in open systems. 

It is essential to note that for stationary concentrations 
of components in open systems the permeability or 
diffusion constants have no less an essential value than 
the coefficients of the rate of chemical reaction (of 
enzymatic processes, for example). Calculation of 


transfer coefficients on an equal basis with the reaction 
rate coefficients in the theory of open systems reveals 
a continuous connection of the spatial and temporal 
organization of the processes of exchange of substances. 
The effect of radiation on open systems can in general 
be formulated as a disturbance of the stationary state 
of the system which, within given limits ,is compensated 
for by an open system and ,in the presence of more in- 
tensive effects, leads to the impossibility of establishing 
a new stationary state and to degradation of the system. 
In this circumstance an essential feature of the biolo- 
gical effect of radiations is their ability to cause signi- 
ficant physiological modifications in the presence of 
the effects of very small total energies, affecting at 
first only very small portions solely with molecular 
dimensions. 

Thus, one of the fundamental problems of radiation 
biochemistry is explaining how the injury of only a few 
narrowly localized portions of molecular dimensions 
can lead to death of the cell, since the injury of 
hundreds of other analogous molecules cannot exhibit 
a lethal effect; at the same time, this problem is closely 
connected with the explanation of the mechanism of 
“biological strengthening” of the primary radiational 
effects, 

The investigation of this fundamental problem 
should be developed in various directions, First of all, 
attention is attracted by the study of the role of injury 
to unique structures of the cell, to similar chromosomes 
(the dependence of the number of aberrations on the 
intensity of the dose, the temperature, the form of 
radiation etc., and corresponding disturbances of bio- 
synthetic processes), especially in connection with the 
genetic aftereffects of radiation, On a level with 
this is the great interest in the study of enzymatic 
reaction chains, since even a slight injury of molecules 
of enzymes and substrates (e.g., 5-10%) in each link 
of the conversions can have considerable effect on the 
final stages of the reactions, as has been demonstrated 
in a series of model systems, 

A definitely important significance should be 
attributed to disturbance of biochemical processes 
(tissue respiration, oxidizing phosphorylization, the 
syntheses of albumins, etc.) as a result of radiational 
inactivation of individual structural links of mito- 
chondria, microsomes, etc, Interest ts also offered by 
the study of the development of chain reactions in a 
biosubstrate (in the lipid phase, for example) in the 
presence of radiation, Finally, there must be sub- 
stantial significance in the injury of molecules in thin 
and monomolecular boundaries of a segment within a 
cell, leading to disturbance of the normal spatial 
organization of metabolic reactions, for example, the 
disturbance of the interaction conditions of enzymes 
and substrates when the enzymes can obtain access to 
portions of the cytoplasm from which they normally 
are excluded, etc, This fact can be the source of 


299 





appreciable disturbance in the course of the processes 
of exchange of the modified course of biosynthesis, of 
the formation of anomalous substances even in cases 
where the molecules of the enzymes and substrates 
themselves remain little modified under the effect of 
radiation, It is also necessary to have in mind that 
during the irradiation of cellular structures a shift can 
occur in the sorption equilibrium of the enzymes, the 
transition of part of the linked ferments into solution 
or the splitting-off of part of the natural inhibitors with 
a corresponding shift of the stationary state of the 
processes of assimilation—dissimilation in the cell, 

A detailed study and explanation is necessary of 
the relative roles of all the enumerated mechanisms 
which evidently are also the basis of disturbances, 
developing in the cell, of the exchange processes of 
substances, gradually embracing more and more all 
the forms of this exchange albuminous, nuclein, 
carbohydrate, lipid and others, The different radiation 
sensitivity of various enzymes of the systems aggra- 
vates the disturbance of the normal coordination of the 
exchange processes, and this is also an important 
direction of research, In particular, it is necessary to 
explain clearly in albumin exchange the change in 
the rate of inclusion of various amino acids, disturbance 
of the processes of biosynthesis of albumins, change 
of antigenic and other substances of serous albumins 
(in this connection the question of so-called C-re- 
active albumin and the properdin system in radiation 
sickness), There is substantial significance in nuclein 
exchange in the study of the change in the nucleotide 
composition of nucleic acids, especially of the high 
radiosensitivity of nuclein exchange, of the change in 
free nucleotide content, the exchange of phosphorus 
radicals, etc, In the metabolism of lipids and, in 
particular, of the phospholipids, the accumulation of 
peroxides and aldehydes of unsaturated fatty acids 
presents great interest, as does the study of their toxic 
properties and of the change of ratio of the various 
fatty acids in the formation of lipids, In the meta- 
bolism of the carbohydrates attention is attracted by 
the modification of specific saccharides, glycoproteins, 
the glycogen content in tissues, etc, It is necessary 
also to conduct investigations on the study of water 
and mineral exchange in an exposed organism, in 
particular the study of the metabolism of micro- 
elements and of exchange in bone tissue, etc, 

It is of interest that in the living organism a 
depression of the various forms of exchange often 
occurs through an intermediate stage of activation 
or strengthening of this or another form of this en- 
zymatic conversion; the study of this circumstance, 
following from the theory of open systems, also has 
great practical significance, 

The briefly enumerated disturbances of the 
various types of exchange of substances constitute 
the biochemical basis of radiation sickness, A com- 
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plete enumeration of the possible forms of these dis- 
turbances does not seem possible, but it is expedient 

to divide research in the area of radiation biochemistry 
into three sections: 1) Research on insulating sub- 
stances or enzyme systems (including tlie usual bio- 
chemical experiments with extracts or homogenates of 
tissues), which were considered in detail above; 2) 
investigations of the cellular or tissue level and 3) 
investigations of complete multicellular organisms. 

The important meaning of investigations on the 
cellular level, using methods of modern ultrastructural 
cytology, cytochemistry and cytophysiology,are ob- 
vious enough, Radiational disturbances of exchange 
processes ought to be studied in the various intra- 
-cellular structures (in the nucleus, mitochondria, 
microsomes, etc.), and in the cytoplasm of cells of 
various types, of differing degrees of specialization 
and differentiation, the topology of biochemical 
changes should be studied in the cell; the biochemical 
bases of different radiosensitivity of various tissues 
and the increased sensitivity of rapidly acting cells 
should be explained, as well as questions of the re- 
activation and repair of damaged cells, the role of 
the shift of oxidation-reduction conditions in cells 
during exposure, etc, Organization of compatible 
cyto- or histochemical and biochemical investiga- 
tions with strict quantitative calculation of the ob- 
served changes is necessary, In a more detached 
perspective, vast importance can attach to the di- 
rected study of the chemical composition and 
structure of chromosomes and cytoplasmatic structures 
during the action of radiation with precise determi- 
nation of the broad beam, the large and intensive 
dose, the physiological condition of the cells and 
other conditions of exposure, 

The growth of radiation sickness ina many-celled 
organism is, however, the result not only of local 
damage to a given group of molecules or cells by 
ionizing radiation, but due to reflex, trophic and 
humoral influences conditioned, on the one hand, 
by the effect of products of pathological metabolism 
and on the other by compensatory and reparative 
reactions of the organism, Although the primary bio- 
chemical injuries are, in essence, the basis of all 
the pathological and pathomorphological develop- 
ments of the radiation damage, the biochemistry of 
radiation sickness in higher organisms, especially in 
man and animals, is considerably more complicated 
than in simpler organisms, 

Little time has as yet been spent on studies of 
the biochemical basis of early damages to the 
nervous system and nervous control in its functional 
and trophic aspects, to injury to the metabolism of 
the series of neuromediators (acetylcholine, y-amino 
acids, serotonin, etc.) and evaluation of the role of 
these injuries in the pathogenesis of radiation sick- 
ness, as well as injuries to endocrine systems (in 





particular the hypophysial— adrenal system, the 
metabolism of the cortico-steroids, etc.) during 
radiation injury. It is necessary to study in detail 
injuries to the metabolism of individual vitamins 

in tissues, the causes and pathophysiological signi- 
ficance of these injuries, and likewise to solve the 
question of the dietetic value of individual vitamins 
for the prophylaxis and therapy of the various forms 
of radiation sickness, Biochemists should assist 
dietologists in the solution of the series of problems 
which arise in developing prophylactic and medical 
food rations in radiation injury. It is extremely 
important to study the biochemical bases of im- 
pairment of blood formation and of the hemorrhagic 
syndrome and to explain the conditions for the 
restoration of normal blood formation, The study 

of changes in immune substances of organisms during 
exposure and increased tolerance of exposed 
animals to “foreign” albumins or bone marrow opens 
up broad perspectives, No less importance attaches 
to the study of the biochemical principles of the 
carcinogenic effect of ionizing radiation or, under 
other conditions, the contrasting use of these radia- 
tions in the struggle against cancer, It is also 
necessary to work out practicable methods of early 
diagnosis of radiation sickness, especially in the 
case of chronic effects of ionizing radiation in 
small doses and in the determination of so-called 
“permissible” doses. In particular, interest is pre- 
sented in this connection by work on the study of 
albuminous fractions of serum and changes in their 
antigenic properties and by data on the increased 
secretion of desoxycytidine, etc, The problem of 
remote aftereffects of radiation sickness also in- 
troduces a series of biochemical problems, Directly 
connected to this problem is the study of the reg- 
ularity of effect of radiation on heredity, in parti- 
cular an explanation of the hereditary damages to 
man during exposure and a search for biochemical 
ways to prevent or reduce these injuries. The radia- 
tion genetics of living organisms is one of the most 
important areas of radiobiology, which is closely as- 
sociated with problems of radiation biochemistry. 

It is also necessary to point out the importance of 
biochemical research upon the effect of radiation 
on various stages of embryogenesis. 

The problem of shielding higher organisms 
from the effect of radiations and of medical treat- 
ment for radiation sickness is of special importance, 
although, as has been pointed out, questions of 


shielding should be kept in view also at the mole- 
cular and cellular levels of research, The study of 
the mechanics of the effect of shielding substances 
should help both the explanation of the pathogenesis of 


radiation sickness and rational searches for new, effect - 
ive preparations. The investigation of the biochemic- 
al mechanism of prevention or reduction of changes in 


nucleic acids and albumins, the elimination of excited 
states, the blocking of radicals formed during the action 
of radiation, the prevention of chromosome aberrations, 
the use of various antioxidants,can have an important 
practical value. It is also necessary to work out the 
biochemical bases of the struggle with the influence of 
incorporated radioactive substances and their effective 
removal from the organism, As has already been pointed 
out, a very important problem is that of the raising of 
the immunobiological tolerance of exposed animals 

(as regards introduced albumins, bone marrow, etc.), 
which likewise opens up new perspectives in the technique 
of transplanting tissue and organs to such animals, 

A large and important part of the research is the 
application of radiation biochemistry to industry and 
agriculture, This refers to problems of the radiational 
sterilization of biologically active preparations, vaccines, 
hormones, medical sera, transplantable tissues and 
food products; to the use of radiation to eliminate 
sprouting of potatoes or the roots of sugar beets, the 
irradiation of seed before planting, the production of 
mutants of useful microorganisms with an increased 
yield of antibiotics, vitamins, steroids or enzymes, or 
with new forms of biochemical activity, the creation 
of new and valuable kinds of plants, the study of the ef- 
fect of small doses of radiation on the growth and in- 
crease of yielding capacity of agricultural plants, the 
application of radiation to change the technology of 
producing certain food products (wine, tea, etc.), 

Thus, at the present time and in coming years bio- 
chemistry is faced with very important and responsible 
tasks, Radiation biochemistry is becoming one of the basic 
areas of biochemistry, This circumstance presents large 
requirements also for questions of the organization of 
research in radiation biochemistry. Abroad, in the 
first place, much attention is given to working out the 
questions of the biological effect of ionizing radiations 
in the U.S.A., England, France, Sweden, and Belgium, 
It is sufficient to point out that of all the funds allotted 
to scientific research by the Atomic Energy Commission 
in 1957 in the U.S.A,, 40% was spent on the study of the 
biological effect of ionizing radiation, The organiza- 
tion of such investigations is of course expedited in 
large-scale atomic centers where the biological labo- 
ratories work closely with physical and chemical labora- 
tories organized around up-to-date sources of radiation 
(atomic piles, cyclotrons, linear accelerators, etc.), On 
this basis it is easy to assure the application of all the 
newest methods of physical and chemical research to 
the problems of radiation biochemistry, It would also 
be very important to organize specialized journals de- 
voted to questions of the biological effect of radiation, 

Finally, one of the decisive links in the successful 
development of work on radiation biochemistry is the 
extensive training of cadres including biologists as well 
as Chemists and physicists, These cadres should possess 
theoretical preparation assuring the possibility of their 
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creative contact and mutual understanding in working 
out complex problems of radiation biochemistry, into 
which the interests of a number of sciences are inter- 
woven, At the same time they should be highly trained 
in their specialty, since it is clear from the scope of the 


basic problems in radiation biochemistry outlined above 
that the successful development of this important area of 
modern biochemistry can be assured only by the united 
efforts of physicists, chemists, biochemists, cytologists, 
geneticists, and other specialists, 
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The preparative isolation of pure cytidylic acid from 
a mixture of four nucleotides presents considerable dif- 
ficulties in view of the chemical similarity of these com- 
pounds with a common structure, 

The laborious chemical methods for the separation 
of cytidylic acid from other nucleotides and hydrolysis 
products have recently been replaced by the more modern 
procedures employing ion-exchange resins, The separa- 
tion of the nucleotides is usually carried out on strongly 
basic anion -exchangers and is made possible by the 
presence of a phosphoric acid residue in the nucleotide 
molecule, However, in view of the fact that three of the 
four bases which make up RNA namely, cytidine, adenine 
and guanine, also contain amino groups, the correspond- 
ing nucleotide mixtures can also be separated on cation- 
exchange resins in the hydrogen form, 

The use of cation-exchangers for the retention of 
nucleotides is particularly convenient in cases when 
these need to be separated from inorganic phosphate, 
which in some cases is present in large amounts in the 
product of acid, alkaline or enzymatic hydrolysis of 
biological material, Cation-exchangers are also useful 
in the separation of the two pyrimidine nucleotides 
from each other, since the passage of their mixture 
through a suitably prepared column results in the retention 
of the cytidylic acid on the column, due to the presence 
of an amino group in the nucleotide, while the uridylic 
acid, which has no amino group, emerges with the ef- 
fluent, The latter principle was orginally applied by 
Harris and Thomas [1], who isolated and fractionated 
pyrimidine nucleosides from a RNA digest using the 
cation-exchanger ZeoKarb 215, Cytidine was retained 
by the sulfonic resin, while uridine, containing no basic 
group, passed with the effluent, Occluded uridine could 
be removed quantitatively from the column by washing 
with water, while the cytidine was later eluted with 
20 pyridine. 

The present work deals with the isolation of cyti- 
dylic acid from biological material using domestic 
ion-exchange resins, In similarity with the method 
described by Andreev [2] for the isolation of the hypo- 
tensive hormone, pancreas tissue was dehydrated and 
defatted by alcohol treatment and allowed to stand in 
the cold for 24 hours in 0.9% NaCl with intermittent 
stirring. The extract was separated from the debris and 


precipitated with acetone, When the acetone con- 
centration in the solution reached 37%, the preparation 
containing the hypotensive principle precipitated. The 
remaining supernatant was found to contain large 
amounts of phosphorus, Investigation of this solution 
by paper chromatography in the solvent: isobutyric 
acid-ammonia-water (66: 1: 33) [3] revealed the pres- 
ence of large amounts of inorganic phosphate together 
with some nucleotides, mainly cytidylic acid, with 
traces of adenylic acid and some unidentified phos- 
phorus-containing compounds with an Ry of 0.09 and 
0,21, respectively. The nucleotides accounted for 
about 25-35% of the total phosphorus present in the 
solution, This material was used for the isolation of 
the cytidylic acid, 

The presence of large amounts of cytidylic acid 
in these solutions was probably a result of RNA -ase action 
on the pancreatic RNA during the isolation of the hy- 
potensive hormone involving long periods of standing 
at room temperature, Ribonuclease action on RNA is 
known to liberate ribonucleotides which are predomi- 
nantly, or sometimes exclusively, pyrimidine nucleo- 
tides, The precipitate obtained by adding three volumes 
of acetone to seven volumes of a 0,9% NaCl extract of 
pancreas, was also used as a source of cytidylic acid, 
The precipitate contained nucleoprotein contaminated 
with large quantities of protein, 


EXPERIMENTAL 


The Isolation of Cytidylic Acid from a Ribonuclease 
Hydrolysate of Pancreatic RNA, 


The 37% acetone supernatant remaining after the 
precipitation of the hypotensive preparation was passed 
through the anion-exchanger EDE-10P in the formate 
form Each liter of the solution contained 700-800 
mg of phosphorus, of which 600-700 mg was retained 
on the column measuring 50 cm X 1.5cm*, The material 
was eluted with 0.1 N formic acid and the effluent 
was collected in 250-300 ml fractions. Phosphorus was 
determined in each fraction according to Fiske and 
Subbarow. The results are presented in Table 1, 

The terminal fractions were rejected and the remaining 


ones pooled and passed througha cation-exchanger washed 
free of formic acid until the pH of the eluate solution 
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TABLE 1. Phosphorus Content in 
Fractions Eluted From the Column 
of EDE-10P-Formate 


Fraction No./Fraction vol./P content, mg 


200 4.0 
250 10.0 
300 30.0 
250 37.0 
300 14.4 
250 9.5 
120 3.6 


NES) Sr BA Go to 


was 2,0-3.0. The cytidylic acid was retained, while 
small amounts of phosphorus representing some uni- 
dentified compounds passed through in the effluent. 
The cytidylic acid was eluted from the cation-ex- 
change resin with 0.1 N formic acid, The eluate was 
colorless, all pigments having been retained on the 
column. The eluates were taken to dryness in vacuo 
at 40°. In order to remove the last traces of formic 
acid the residue was repeatedly taken up in water 
and dried. The residue was finally dissolved in the 
minimal amount of hot water and the solution poured 
into cold ethanol; a white, crystalline precipitate 
separated immediately, The suspension was allowed 
to stand in the cold, the material was filtered off and 
air-dried, yielding 680 mg; the material was dissolved 
in distilled water and filtered; the clear solution was 
evaporated to a small volume and allowed to crys- 
tallize in the cold. The crystallized product (fine 
long needles) was filtered off from the mother liquor, 
washed with ice-cold water, then with ethanol, and 
dried in vacuo over P,Os. 

The purified preparation was checked by paper 
chromatography in two solvent systems: isobutyric 
acid— ammonia~— water (66: 1: 33) and ethanol —am- 
monium acetate (pH 5.5) (70: 30). In the two solvent 
systems used the compound moved as a single spot 
with Ry values 0.4 and 0,32, respectively. These 
values corresponded to those of authentic cytidylic 
acid, The absorption maximum in the ultraviolet 


was found to be at 273 my. The electrophoretic 
mobility of the compound in citrate buffer pH 3.7 
corresponded with that of authentic cytidylic acid. 


Found %: C 33.04; H 4.84; N 12.58; P 9.20 
Calculated for CgHyNgOgP, %: C 33.45; H 4.37; 
N 13,00; P 9,60 
The Isolation of Cytidylic Acid from an Alkaline 
Hydrolysate of Pancreatic Ribonucleoprotein; 


The nucleoprotein (120 g)was hydrolyzed in 1.2 
liters of 1 N NaOH for 24 hours at 37. The insoluble 
residue was removed, washed with water and rejected. 
The washings were combined with the main filtrate. 
Moist cation-exchanger KU-2, in the H* form, was 
added to the mechanically stirred solution until the 
pH fell to 7.5-7.0. The resin was removed and 
washed with several portions of water, The washings 
were combined with the main filtrate. The solution 
was acidified to pH 5.0-4.5 with formic acid and 
allowed to stand in the cold. The bulky protein 
precipitate which separated out was removed and 
rejected. The clear, slightly colored filtrate still 
contained proteins as indicated by the Biuret re- 
action. A portion of the solution, containing 1100- 
-1200 mg P in 2.5 liters, was passed through a 
column (50 cm X 5,5cm ) of the anion-exchanger fDF- 
10P-formate,. washed free of formate until the 
effluent emerged at pH 2-2.7. The flow rate was 
0.6 ml/min. The column, which retained the 
nucleotides, was not washed, but immediately eluted 
with 0.1 N formic acid. The eluate was collected 
in fractions which were assayed for phosphorus and 
also examined chromatographically in the solvent 
system: isobutyric acid~ ammonia~— water (66:1:33), 
The results are shown in Table 2, 


The fractions containing cytidylic acid alone 
(172 mg P) were pooled and passed through a col- 
umn (50cm X5,5cm ) containing the cation ex- 
changer KU-2 (H* form),previously washed with 
0.1 N formic acid. The column was eluted with 
0.1 N formic acid. The first 760 ml of the effuent 
contained no phosphorus; the subsequent 250 ml 


TABLE 2, Fractionation of Cytidylic Acid on a Column of EDE-10P-Formate 


Fraction 


300 
500 
300 
150 
120 
400 


Dor wR Go dtom—N 


250 
800 
300 


So 


20,0 


Fraction vol. P content, md 
No. 


Chromatographic analysis 


Cytidylic acid 


Cytidylic with adenylic contamin. 
Cytidylic and adenylic acids 
Adenylic and cytidylic acids 
Adenylic acid with cytidylic contam. 





contained only 3.25 mg P. These solutions were reject- 
ed. The subsequent fractions, containing 32, 64, 50, and 
13.5 mg P respectively in each 400 ml, were pooled, 
evaporated to dryness under reduced pressure and the res- 
idue was freed from formic acid by repeated solution and 
evaporation. It was finally precipitated with acetone, 
which resulted in a viscous yellow mass. The latter was 
dissolved in 200 ml of 0.1 N formic acid and passed 
through a column (50 cm x 1.5 cm?) of the cation-ex- 
changer SDV-2 (H* form). The effluent contained no 
phosphorus and was rejected; the resin was then eluted 
with 0.1 N formic acid. One liter of 0.1 N formic acid 
was required to elute the entire cytidylic acid from the 
column. The combined eluates were taken to dryness, 
dissolved in a small volume of water and poured into 
cold alcohol. A flocculent white precipitate separated 
immediately. This suspension was allowed to stand in 
the cold overnight, the precipitate was centrifuged off 
and air-dried. Yield—1.45 g. 

The crude material was recrystallized from water 
as described above, washed with alcohol and ether and 
dried to constant weight in vacuo over P2Os. 


Found %; N 12.9; P 9.3. 
Calculated for CgH,N3O,P, %: N 13.0; P 9.6. 


The preparation was found to be chromatographically 
homogeneous and the location of the single spot cor- 
responded to that of authentic cytidylic acid. 

Fractions 6 and 7 of the effluents from the anion 
exchanger EDE-10P(Table 2), containing a mixture of 
cytidylic and adenylic acids, were rechromatographed 
on a column (50 cm X 1.54 cm’) of EDE-10P-formate. 
This afforded a complete separation of the two nucleo- 
tides{see Table 3), 


Passage of the pooled fractions through a column 
of the cation exchanger SDV-2 (H* form), followed 
by the usual purification steps, yielded an additional 
crop of 0.5 g of cytidylic acid. 


TABLE 3. The Separation of Cytidylic Acid From a Mix- 
ture of Cytidylic and Adenylic Acids on a Column of 
EDE-10P-F ormate 


io i Cc nat ic 
Fraction Fraction | p content, mg | hromatographi 
| 


No. volume analysis 


Cytidylic acid 
The same 
Cytidylic acid 
The same 
The same 


DISCUSSION OF RESULTS 


Nucleotide mixtures are conventionally fractionated 
on strongly basic anion-exchange resins, The domestic 
anion-exchange resins AN-2F and EDE-10, whose active 
groups are secondary and tertiary aliphatic amines (the 
anion exchanger EDE-10P, whose active groups include 
tertiary and quarternary ammonium groups, can be used 
as a reasonably strongly basin resin), differ from the 
strongly basic resins in that their retentive activity is 
restricted to a narrow pH range. Their retentive power 
is low at neutral pH, but increases with increasing acidity 
and in many cases exceeds the capacity of some strongly 
basic resins. 

However, if the adsorption is carried out from 
acetone~ water mixtures, the audity of the medium 
becomes less important in the determination of the 
degree of adsorption of the nucleotides on the above- 
mentioned anion-exchangers, although its affect is not en- 
tirely lost. Under those conditions the presence of salts 
or proteins in the solution is also of lesser importance 
than in pure aqueous solutions. When solutions in 
water-acetone mixtures were passed through columns 
containing EDE-10P or AN-2F all phosphorus -containing 
material was adsorbed on the resin and was thus separated 
from a large variety of other material. Under those 
conditions the capacity of the resin reached 20 mg P/g 
resin. 

Solutions in aqueous acetone, used in the present 
work for the isolation of cytidylic acid, were usually 
strongly pigmented. The bulk of the colored material 
was adsorbed on the anion-exchanger on passing the 
solution through. The colored material was eluted, 
together with the nucleotides, with 0.1 N formic acid 
The highest concentration of the colored material coin- 
cided with the highest concentration of phosphorus in 
the fractions. This was used as an indirect indication 
of the progress of nucleotide elution. The eluate was 
thus a colored solution whose pH ranged from 2.0 to 3.0. 
This acid solution was passed through the cation -ex- 
changers of the type SDV-2(H*+ form), or KU-2(H* 
form. The adsorption was most quantitative at pH 2.0. 

Nucleotides, with the exception of uridylic acid, 
acquire a positive charge at pH values 2.0 and below 
[4], and are thus completely retained by cation-ex- 
changers. In the case of incomplete adsorption the 
effluent was passed again through a fresh column. In 
the present experiments the capacity of the cation-ex- 
changers was found to lie between four and six mg 
P/g resin. 

Using the anion-exchanger EDE-10P (formate form), 
and eluting with 0.1 N formic acid, it was found possible 
to elute from the resin only the cytidylic acid, leaving 
other nucleotides, as well as inorganic P, on the column. 
The eluate from ED£-10P was passed through the cation - 
exchanger SDV-2 or KU-2. The desorption of nucleotides 
from cation-exchangers can be accomplished 





with distilled water. However, the pigmented material 
emerged together with, or slightly ahead of, the nucleo- 
tide fraction. In order to prevent the simultaneous 
elution of the pigments with the nucleotides, elution 
was Carried out with 0.1 N formic acid. The pigments 
were later removed from the cation-exchanger with 
aqueous alkali. It was also found that nucleotides eluted 
from SDV-2 considerably more readiJy than from KU-2. 
The most convenient method for crystallizing 
cytidylic acid was found to be crystallization in the 
cold from a concentrated solution of the crude material 
in warm water. Within 48 hours the sides and bottom 


of the vessel became covered with a hard layer of the 
compound, consisting of uniform long needles. After 
the separation of the first, and also a second, crop from 
the mother liquor, a third crop of crystals was collected. 
These were of a different form, having the appearance 
of long, regular plates. Accoding to Loring and Lucy 


[5], the first type of crystals is the a isomer of cytidylic 
acid, and the second the b isomer. 


SUMMARY 


The aqueous acetone supernatant obtained after 
the precipitation of the hypotensive hormone from 
saline extracts of the pancreas was shown to contain 
large amounts of cytidylic acid. 

A simple procedure for the isolation and purifica- 
tion of cytidylic acid from ribonuclease and alkaline 
hydrolysates of pancreatic RNA has been developed. 
The procedure involves the use of domestic ion-ex- 
change resins~the anion-exchanger EDE-10P (formate 
form) and the cation-exchangers SDV-2 or KU-2 (H* 
form. The use of the cation-exchangers with an 
elution step involving 0.1 N formic acid afforded a 
separation of the nucleotide from pigment material 
without the use of charcoal or multiple recrystallization. 
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Numerous researches have shown that with aging 
there is a change in the morphological structure of endo- 
crine glands, which leads to a lowering of functional 
activity [1] and disturbance of lipid metabolism [2-6]. 

Starting from this, it was decided to compare the 
rate of cholesterol and fatty acid synthesis in endocrine 
glands and the liver of young and old rats of both sexes 
and to check whether increase in cholesterol synthesis 
was characteristic of old animals, for this was noticed 
earlier in young animals after action of ionizing radia- 
tion. In available literature there could not be found 
any data concerning the influence of age on the rate of 
cholesterol and fatty acid synthesis, even though it has 
been established that irradiation considerably increased 


cholesterol and fatty acid synthesis in adult rats [7-12]. 
As is known, cholesterol is a precursor of steroid hormones 
and in relation to this the investigation of cholesterol 
synthesis in adrenals and testes assumes special im- 
portance, 


METHODS 


Experiments were conducted on rats of both sexes 
and of three age groups. Group I - young animals, one 
and a half months of age and weighing 100 g, Group II - 
-animals of about 20 months of age, weighting 250-350 
g, Group III - males, 30 months of age, weighing 350- 
-450 g and females, 23 months of age, weighing 300- 
-350 g. 


TABLE 1, Relative Organ Weights of Rats of Different Ages. Organ Weights 


Per 100g of Body Weight 


group 


—______Crgan. weight 


number | liver, g pétenas, mg) testes, g 


Intact males 


11/9 
20 
30 


250—350 


100 
390—450 


2,72 


3,73 
2,64 


Irradiated males 


350—450 | 30 | 


| 2,86 | 


Intact females 


300 {1/5 
250—350 | 20 
300-350 | 23 


33 ,80 — 
30,10 _ 
26 ,20 — 


3,06 


| 3,80 
2,78 


Irradiated females 


Il =| 300-950 | 23 I 


Isotope methods were used for investigation of the 
rate of cholesterol and fatty acid synthesis. The animals 
were starved for 20 hrs, and then injected subcutaneously 
with CHgC4OOH at the rate of 25,000-35,000 cpm/g 
weight. After four hours they were bled to death, Iso- 
lation of labeled cholesterol and fatty acid was conducted 
according to methods previously described by the authors 
(7, 8] and also by Bolker [13]. Rats of group III were 
irradiated under standard conditions (17 ma, 180 kv, 
filter 1 mm Al and 0.5 mm Cu, dose strength 40 : /min) 


| 3,03 | 2,70 | — 


with a total dose of 800r. Immediately after irradiation 
the rats were starved for 20 hrs, and then were injected 
subcutaneously with CHsC#4OOH at the rate of 25,000 
cpm/g. The rats were killedafter four hours. In this 
way cholesterol synthesis was investigated 24 hours after 
irradiation. 

Radioactivity of cholesterol and fatty acids was 
studied from thin layers in a block counter. Total cho- 
lesterol was determined by the method of Sperry and 
Webb [14], and total number of fatty acid by weighing. 
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RESULTS 


Attention is directed to differences in organ weights 
of rats in various age groups (Table 1). 

It became evidentthat with age the relative organ 
weights decreased, After irradiation the adrenal weights 
of old males increased sharply. Liver weights were in- 
creased in rats of both sexes, but to a lesser degree, 
Adrenal weights in females were somewhat decreased, 

In Table 2 are presented data concering investiga- 
tions into the cholesterol content of different organs in 
the various age groups. 

Data in Table 2 show that, in comparison with 
young rats, the liver cholesterol content of old males 
was somewhat higher, and in testes lower; in females it 
was unchanged. In adrenals of old rats of both sexes the 
cholesterol content was considerably higher than in 
young ones. These data were statistically significant. 
Twenty-four hours after irradiation of old rats with the 
dose of 800 r there was a statistically significant de- 
crease in cholesterol content of the adrenals. In Table 
3 are presented data concerning the specific activities 
of cholesterol and amino acids isolated from organs of 
rats in groups I and II. There was no pronounced dif- 
ference in the rate of cholesterol and fatty acid synthesis 
in rats of various ages. In the testes of old rats only was 
the cholesterol specific activity significantly lower than 
in testes of young ones. The difference in liver cho- 
lesterol specific activity of males and females was re- 
lated to the unequal amount of radioactivity introduced 
per gram of weight into the different sexes. 

In Fig. 1 there is shown the influence of x-rays on 
the rate of cholesterol synthesis in old rats. After ir- 
radiation, the rate of cholesterol synthesis in the liver 
was increased by 550-830%; in the adrenals, - by 445- 
-890%, In the testes the rate of cholesterol synthesis 
was changed insignificantly. Changes in the rate of 
fatty acid synthesis after irradiation are shown in Fig. 2. 
If in the normal liver the specific activity of fatty acids 
was equal to 10+ 0.73 cpm/mg then after irradiation , 
data were obtained for liver from females. In the testes 
the specific activity of fatty acids after irradiation re- 
mained unchanged. 


95+0,14 
1,570,17 
1,61+0,14 
1,38-40,,04 


total fatty acids 
1, 


"(in % + m) 


J) 


1946,8 
1M4+3,3 
219-40 ,68 
215+4,7 


} 2i¢ 
2,427+0,11 


2,171+0,34 


Adrenals 
700-+-0,1¢ 


otal cholesterolftotal fatty acidstotal cholesterolftotal cholestero 


(in mg % + m) {(in % + m) 
0 
0 
,85 
05 


(in % +m) Kin mg %+ m) 


2.7200 , 26 
2,62 +0,53 
4,707-+0,34 
2,72 +0,26 
1,94 0,39 


1, 


47 


+0 


4,75+0,27 
5,020 ,27 


2,63+-0,4 
3,23-+0,1 

'84-60,35 
3,970 ,33 
3,97+0,33 
5,3 


3 


279+7 
318+8, 
316+-9 
3164-6, 
Irradiated animals 


Intact animals 


Number of 
animals 


—350 


350—450 
300—350 
La2 


350—450 


DISCUSSION OF RESULTS 


n(n—1) 


In the organism of old rats (20 months) in com- 
parison with young rats (1.5 months) there were a number 
of changes. These changes concerned organ weights, 
rate of cholesterol synthesis in the liver and testes, and 
also cholesterol content. Lowering of endocrine weight 
in old animals [15] and also the change in cholesterol 
content was also observed by other authors [2, 3]. But 
investigations devoted to the study of the influence of 
age on the rate of cholesterol and fatty acids formation 
are unknown to the authors, According to the literature, 
the main place of cholesterol synthesis in the organism 
is the liver. According to the present data the weight of 
the liver decreases with age, its cholesterol content in- 
creases, and biosynthesis of cholesterol shows a tendency 
to increase. These facts attest that in the liver of old 
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TABLE 3, Specific Activity of Cholesterol and Fatty Acids (in cpm/mg + m) From 
Organs of Rats of Various Ages. Rats starved for 20 hrs. They were injected sub- 
cutaneously with CH,C0o0H and killed four hours later. Figures in parenthesis - 


- number of experiments, 
Animal|Weight, Liver 


group | 8 males* | 


females* * 


| Testes | 


Adrenals 


males* | females* * 


Cholesterol 


I | 100 |1914-33,8 (12); 99-18,0 (12) | 23-4: 
11 |250—350|279+65,5 (8) | 114--25,1 (8) | 13- 


Fatty acids 


1 | £00 | 16+4,16 (11)) 
Il |250—350| 183,69 (8) | 


* Injected with 35,000 cpm/g. 
** Injected with 25,000 cpm/g. 


Liver 


400 
J00 
200 
Y00 


Fig. 1. Increase in the rate of cho- 
lesterol synthesis in organs of old rats 
after irradiation (800r) in % of original. 
Unshaded columns - males; crosshatched 
columns - females. 


cpm/mg Testes 


40 
J0 
20 
10 
a 


Females 


Fig. 2. Rate of fatty acids synthesis in 
organs of normal and irradiated old rats. 
Unshaded columns - controls; crosshatched- 
columns - experimental. 


rats there is a fully effective enzyme system responsible 
for cholesterol synthesis. One of the reasons for the in- 
crease in testicular cholesterol levels of old rats, with 
a concurrent stability in the rate of cholesterol synthesis, 
could be a decrease in utilization of cholesterol in this 
organ; for example, lowering of the formation of steroid 
hormones from cholesterol. 


10+1,40 (11) 
90,90 (8) 


30-+2,66 (12) 
332,81 (8) 


Reduction of testes weight, lowering of their cho- 
lesterol content and lowering of the degree of c* in- 
corporation into cholesterol in old rats as compared to 
young ones, signals the extinction of the function of this 
organ. Larsson in his work [16] observed the reduction 
of testicular function in 22 months old rats. 

Following total irradiation of old rats by a dose of 
800r there was noticed an increase in adrenal weights 
of the males and a reduction of the cholesterol content, 
and likewise, an increase in intensity of cholesterol 
synthesis in the liver and the adrenals (5-8 fold), Cho- 
lesterol synthesis in the indicated organs is closely related 
to hypophyseal function [17-19]. Analyses of the ex- 
perimental results point to the fact that all the animals 
respond to x-ray irradiation in the same way as young 
animals [7-8], i.e., basically there is an intensification 
of cholesterol and fatty acid synthesis. 

In accordance with literature data, the most im- 
portant factor in accelerating cholesterol synthesis 
following irradiation is the acceleration of the initial 
stages of cholesterol synthesis from acetic acid [10-12]. 
However, the accelerated mechanism of cholesterol 
synthesis following irradiation and the meaning of this 
fact in pathogenesis of radiation injury remains unclear. 
Further investigations by the present authors are directed 
toward clarification of the reasons for the increase in 
cholesterol synthesis under the influence of ionizing 
radiation. 

SUMMARY 


The relative weights of adrenals, testes and the liver 
of old rats was lower in comparison to young rats. The 
cholesterol content of the liver and the adrenal of old 
rats was increased in the testes it was decreased. The 
rate of cholesterol synthesis in organs of old rats was 
basically not different from the rate in young animals, 
with the exception of the testes. In the testes the rate 
was lowered. A day after x-ray irradiation with a 
minimal absolute lethal dose, the cholesterol content of 
ardenals was lowered in old rats of both sexes. The 
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specific activity of cholesterol isolated from the liver 
and the adrenals of old rats of both sexes, a day after 
irradiation, was considerably higher than in control 
animals. The specific activity of cholesterol and fatty 
acid isolated from the testes of old rats following ir- 
radiation was unchanged. X-ray irradiation accelerated 
fatty acid synthesis in the liver of old rats of both sexes. 
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Our preceding publication [1] was devoted to the 
problem of increased vitamin P value and improved 
quality of tea, In it a study was made relating to the 
possibility of increasing the vitamin P content of tea 
by raising its catechin content, The possibility was 
demonstrated of obtaining a superior-quality tea with a 
higher catechin, and thus also vitamin P-content by 
means of regulating the biochemical processes during 
its processing, 

Since the vitamin P properties of tea depend largely 
not only on catechins but also on flavonoids, it was 
considered worth while to undertake a study of these 
substances in the process of tea manufacture, Our ob- 
jective consisted in a study of the flavonoid content 
in the available raw material, as well as in tea obtained 


by the established and the new technological procedures, 
The new technology consistsbasically in allowing a 
shorter period for the action of the oxidative ferments, 
and in applying a thermal treatment to the underfer- 
mented semifinished product. 

The determination of flavonoids was conducted by 
Wilson's method, as modified by Guseva and Nestyuk 
[2]. The results of flavonoid determinations in tea leaf, 
as well as in the finished product obtained therefrom, 
are given in Table 1. 

According to the data of Table 1, the amount of 
flavonoids is considerably reduced in the process of 
tea manufacture. According to the established techno- 
logical process it amounts to 40%, and for the new 
process, 20-25%, 


TABLE 1 The Content of Flavonoids in the Green Leaf and Semifinished Product,* Processed According to the 


Established (Control) and the New (Experimental), Method During the 1958 Season 


. Flavonoids in 
netauies ‘ of dry weight 

Issuing green fixed leaf 

I Control 

I Experimental 

Issusing green fixed leaf 

I Control 

Il Experimental 


* Obtained from the Dagomyss tea factory. 


This is explained by the fact that in the established 
process there takes place a comparatively extended 
fermentation of the tea leaf, while in the new process 
the duration of the fermentation period, from the be- 
ginning of curling to the end of drying, is shortened from 
two to three times. Here the second fermentation phase 
is entirely left out, being replaced by the thermal 
treatment of the semifinished product. This permits 
the preservation of a higher catechin content [1], as well 
as of flavonoids (Table 1), 

The Flavonoid Content of Teas of Various Origin, In 
view of the introduction of a new technology in various 
tea- producing regions of the USSR, it seemed of interest 
to conduct a study of the flavonoid content of tea brands 


Flavonoids in 


— % of dry weight 


Issusing green fixed leaf 
Il Control 

Il Experimental 
Issusing green fixed leaf 
Ill Control 

It Experimental 


produced by the new and the established methods in the 
factories of Georgia, Azerbaidzhan and Krasnodar 
districts. 


The data of Table 2 show that in commercial tea 
brands there are more flavonoids in the tea processed 
by the new technique than by the current one. 


The Flavonoid Content as Related to The Age of 
The Tea Leaf, It is known that the amount of polv- 


phenolic compounds varies greatly depending on the 
age of the leaf. It would, thus, be of interest to conduct 
a study of the flavonoids in tea leaves of various ages. 


The investigation was conducted on fixed two-leaf 
twigs of ten-twelve days of age, fixed mature leaves of 
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TABLE 2, The Content of Flavonoids in Commerial Brand Tea, Processed According to the Established (Control 


Anaceul tea factory Georgian SSR 


“kind of 
leaf 


trade 
mark 


| flavonoids in% 
of dry weight 


method 


13 Established 
1 New 

19 Established 

17 New 

17 Established 

51 New 


0,54 
0.86 
0.85 
1.07 
0.66 
0.80 


*L - leaf tea; MS - small particle tea 


kind of 
leaf 


flavonoids in % 
of dry weight 


Established 
New 
Established 
New 
Established 
New 


0.61 
0.93 
0.94 
1.00 
0.86 
0.93 


TABLE 3. The Content of Flavonoids in the Green Leaf and Commercial Brand Tea 


of Various Regions of India 


Kind under investigation 


Green fixed leaf (two-leaf twig) 
VOR Brand of tea 
Green fixed leaf (two-leaf twig) 
VOR Brand of tea 
Green fixed leaf (two-leaf twig) 
VOR Brand of tea 


forty to forty-five days of age, and fixed old leaves. They 
contained the following amounts of flavonoids: 


Flavonoids 
in % of dry weight 
1.13 
1.74 
1.01 


Material 


Two-leaf twigs 
Mature leaves 
Old leaves 


Therefore, mature leaves contain the largest amounts 
of flavonoids. 

The Flavonoid Content in Green Tea Leaf and in 
Commercial Brand Tea From Various Regions of India, 
The flavonoids were investigated also in green tea leaf 
and in finished tea from various regions of India. One 
can see from Table 3 that a regular decrease of flavo- 
noids during the processing of tea leaf takes place also 
under the conditions of tea manufacture in India. 

It is, however, significant that the percent of de- 
crease in the flavonoid substances during processing of 
the tea leaf in India is much less than under our techno- 
logical procedure. In this respect, our tea brands, when 
prepared according to the new procedure, come close 
to the India brands in flavonoid content. 


SUMMARY 


A study of the flavonoid content in the green tea 
leaves and in the finished tea, produced by the estab- 


312 


Flavonoids in 
% of dry weight 


Assam 
* 


Kunur 
J 


Darjeeling 


lished as well as the new procedure, shows that there is 
a marked decrease in flavonoids during the process of 
its manufac‘ure, and that in tea produced by the new 
procedure this decrease is of lesser magnitude. This is 
explained by the fact that while the established techno- 
logy involves a comparatively prolonged fermentation 
of the tea leaf, the new technology implies a from two 
to three times shorter fermentation process, from the 
beginning of curling to the drying endpoint. 

The high flavonoid content in the tea prepared by 
the new process increases its vitamin P and physiological 
value, 

The processing of tea leaf in India lowers the flavo- 
noid content much less as compared with our established 
procedure. When prepared by the new-technology, our 
brands of tea approach in flavonoid content those of India, 
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It is well known that the transition of an animal 
organism from a state of comparative rest to one of 
activity is associated with a change in metabolic rates 
of its cells and tissues. The mechanism by which these 
rates are controlled is, however, still very obscure. 

The rate of an enzyme reaction depends within 
definite limits, on the concentration of the interacting 
components~the substrate, coenzyme (if the reaction is 
catalyzed by a conjugated protein), and the enzyme. In 
reversible reactions, with a given enzyme concentration, 
a change in concentration of substrate or coenzyme may 
result not only in a change in rate or, according to the 
terminology of Engle gardt [1], a change in molar activity, 
but also in a reversal of the reaction, This concentration 
effect is apparently one of the mechanisms of regulation 
of metabolic rate at the cell level. 

Among the easily- reversible reactions of the anaerobic 
stage of carbohydrate metabolism are those catalyzed by 
dehydrogenases with concomitant changes in the diphos- 
phopyridine nucleotides, 

In previous studies [2-4] with erythrocytes at physio- 
logical levels of enzymes and coenzymes,there was found, 
in addition to hexokinase and phosphofructokinase activity, 
a small activity due to triose phosphate dehydrogenase 
which was associated with synthesis of ATP and for- 
mation of DPNH. 

In model experiments Neifakh and Mel’ nikova [5], 
using high concentrations of substrate, coenzyme, enzyme, 
and stabilizers and activators, convincingly showed that 
the rate of glycolysis is increased by addition to a dilute 
dialyzed muscle extract of hexokinase and phosphofructo- 
kinase, which have a small activity in intact muscle. 
These experiments confirmed the results of earlier studies 
of the limiting role of hexokinase and phosphofructokinase 
in glycolysis [6-8]. Addition of triose phosphate dehydro- 
genase under the same conditions did not increase gly- 
colytic rate, 

Here it might be concluded that this enzyme is not 
able to exert a regulatory influence on glycolysis. How- 
ever, these experiments were performed at high levels of 
substrate and coenzyme. Ths possibility of regulating 
glycolytic rates by altering concentrations of the reactants 
under more physiological conditions therefore remains 
open, 


In this study, the rates of those reactions catalyzed 
by triose phosphate dehydrogenase, &-glycerophosphate 
dehydrogenase, and lactic dehydrogenase were follqwed 
spectrophotometrically, Starting substrates were ob- 
tained by the aldolase reaction. 

The purpose of the experiments was to determine 
the effect of concentration of substrate and coenzyme 
(DPN* and DPNH) within physiological limits on rates 
of reactions catalyzed by these enzymes [9]. 


MATERIALS AND METHODS 

Dibarium salt of fructose-1,6-diphosphate. was 
synthesized according to the usual procedure [10] by yeast 
fermentation of glucose using bottom-fermenting yeast. 
The compound was used in the form of the sodium salt. 
Analysis of fructose in the preparation indicated it to be 
10% pure. 

Phosphotrioses. A mixture of 3-phosphoglyceraldehyde 
and dihydroxyacetone phosphate was obtained by the 
action of aldolase on fructose-1,6-diphosphate. Phos- 
photriose content was determined in a protein-free ex- 
tract (protein coagulation by trichloracetic acid or by 
heating 1 minute at 100°) by the Fiske-Subbarow method 
according to the increase in alkali-labile phosphorus. 
Optical density was determined on an FEK-M colorimeter. 

Lactic and pyruvic acids were commercial prepara- 
tions and were used in the form of théir sodium salts. 

The DPNH preparation used, of 56% purity, was also a 
commercial preparation. 

DPN* was obtained by the interaction of DPNH and 
dihydroxyacetone phosphate, In addition, a preparation 
of 50% purity was used. 

Triose phosphate dehydrogenase, or 3-phosphogly- 
ceraldehyde dehydrogenase, was isolated in crystalline 
form from rabbit skeletal muscle by the method of Cori, 
Slein, and Cori [11] as modified by Dandliker and Fox 


* The following abbreviations for compounds were 
used: ATP -- adenosine triphosphate; DPN* -- 


oxidized form of diphosphopyridine nucleotide; 
DPNH -- reduced form of diphosphopyridine nu 
nucleotide; EDTA -- ethylenediamine tetraacetate. 
+ We are indebted to Professor 1.A. Rappaport (Berlin) 
for the gift of the DPN* preparation. 





[12], who suggested that to stabilize the enzyme all 
reagents used in its isolation be prepared in a 0.002M 
solution of the disodium salt of EDTA. 

Aldolase was obtained in amorphous form from 
rabbit skeletal muscle by the method of Taylor, Green, 
and Cori[13]. The preparation also contained a-gly- 
cerophosphate dehydrogenase, which catalyzes the oxida- 
tion of DPNH to DPN+ and the reduction of dihydroxy- 
acetone phosphate to &-glycerophosphate. The possibility 
of a similar association of enzymes has been noted by a 
number of workers [14-17]. 

Lactic dehydrogenase was isolated in purified form 
from ox heart muscle by the method of Neilands [18]. 
Aldolase and triose phosphate dehydrogenase preparations 
were stored under (NH,)},SO, mother-liquor solutions of 
appropriate concentrations at 0-4, Lactic dehydrogenase 
was also stored as a frozen solution in the refrigerator 
after dialysis against phosphate buffer, pH 7.0. Enzyme 
preparationst were kept for months without perceptible 
change in activity. 

Enzyme concentration was determined in an SF-4 
spectrophotometer by absorption at 280 my. Concentra- 
tions were calculated from the formula C=Egg9 K1, where 
C is enzyme concentration (in mg/ ml) of the sample, 
Eggo the extinction of the enzyme solution at 280 mp, K 
the extinction coefficient at 1 mg/ml of enzyme, and 
the thickness of the cuvette (in cm), K of aldolase was 
taken as 0,8 [13], of lactic dehydrogenase as 1.5 [18], 
and of triose phosphate dehydrogenase as 1.0 [19]. 

Reactions catalyzed by triose phosphate dehydrogenase, 
&-glycerophosphate dehydrogenase, and lactic dehydro- 
genase were followed by observing changes in DPNH 
content, DPNH was determined at 340 my in rectangular 
cuvettes 1 cm thick, For calculation of DPNH cnncentra- 
tion, its molar extinction was taken as 6,22° 1075 cm’. 
‘moles ~ in accordance with the data of Horecker and 
Kornberg [20]. 

The conversion of the extinction value to concentra- 
tion of DPNH was made according to the following 


equation: 
” E 


“340 ° V 


a = 0 ,00937-663 


where X is the amount of DPNH in the sample expressed 
in pmoles, Ey the extinction of the sample at 340 muy, 
V the volume of the sample in ml, 0.00937 the extinction 
of a solution containing 1 pg DPNH per ml [20], 663 the 
molecular weight of DPNH. 


EXPERIMENTAL PROCEDURE 


The aldolase reaction was carried out at concentra- 
tions of fructose-1,6-diphosphate from 1 to 10 p moles 
per ml of sample. Aldolase concentrations ranged from 
2 to 8 mg per ml of sample. Sample volume varied from 
1to3 ml. Incubation time varied from 15 to 60 minutes. 

a-Glycerophosphate dehydrogenase activity was 
followed by measuring the decrease in DPNH added to 
the products of the aldolase reaction. Amounts of DPNH 
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used in separate experiments varied from 0.07 to 0.3 
moles per ml of sample, 

The triose phosphate dehydrogenase reaction was 
followed in the reaction mixture consisting of products 
of the aldolase and the a-glycerophosphate dehydro- 
genase reactions. In accordance with published pro- 
cedures [11, 15, 21, 22], this reaction was studied 
after addition to the samples (in final concentration) of 
2°107* M sodium pyrophosphate, 1.3° 10~* M sodium 
arsenate, and 2.6° 10°*M cysteine or glutathione. 

The reaction was begun by introduction of the enzyme 
in concentrations of 0.3-0,7 mg per ml of sample. 

In the presecne of arsenate, the reaction product is 
not 1,3-diphosphoglyceric acid but 3-phosphoglyceric 
acid. Under these conditions, 1-arseno-3-phosphoglyceric 
acid formed by the oxidation of 3-phosphoglyceraldehyde 
is rapidly decomposed to yield arsenate and 3-phospho- 
glyceric acid. The decomposition of the original re- 
action product renders the reaction irreversible, since 
ATP and the corresponding phosphokinase are absent 
from the reaction mixture [23]. 

Oxidation of lactic acid to pyruvic acid was carried 
out in glycine buffer, pH 10, in a system consisting of 
lactic dehydrogenase, DPN* , and lactate [18]. Lactate 
content of the samples varied from 0.5 to 50 yp moles, 
DPN* content from 100 to 200 yg, and lactic dehydro- 
genase content was 0.02 mg. Sample volume was 3,22 
ml, and experiments were continued for 40 to 130 minutes. 
Experiments with &-glycerophosphate dehydrogenase, 
triose phosphate dehydrogenase, and lactic dehydrogenase 
were carried out at room temperature, about 20°, and 
those with aldolase at 30 to 37°. 


RESULTS 


Aldolase Reaction 


In experiments with various concentrations of fruc- 
tose-1,6-phosphate, a linear relation between substrate 
concentration and increase in phosphotriose was obtained. 
Within the substrate concentration range studied (1-10 
umoles/ ml), 0.5 to 2.0 1 moles of phosphotriose were 
formed, 


TABLE 1. Content of Inorganic and Alkali-Labile 
Phosphorus in Aldolase Reaction Mixtures Under 

Various Experimental Conditions ae 
ee Phosphorus in » moles 


r ml of sample 
Exptl. conditions = 


alkali-labile 


inorganic 
Before incubation 
After 60 minutes’ incubation 
at 30° 
After 60 minutes’ incubation 
at 30° and 1 minute at 100° 


$ We are indebted to O.D. Migulevaya for her help in 
the preparations. 





To free the reaction mixture of protein, samples 
were heated 1 minute at 100°, then cooled and centri- 
fuged to remove the coagulated aldolase preparation. 
The effect of such a treatment on sample composition 
is shown in Table 1, 

Table 1 shows that heating at 100° caused a marked 
increase in inorganic phosphorus and a moderate in- 
crease in alkali-labile phosphorus, this fraction being as 
high as 2,0-3,0 » moles per ml with such treatment. The 
increase in the inorganic phosphorus fraction after heat- 
ing at 100° is evidently related to the activity of phos- 
phatases contaminating the aldolase preparation. The 
initial increase in temperature during the heating period 
apparently induced an increase in rate of decomposition 
of phosphoric esters by these enzymes. Addition of 
DPNH had no substantial effect on either fraction. 


a-Glycerophosphate Dehydrogenase Reaction 


As indicated earlier, the aldolase preparation also 
contained &-glycerophosphate dehydrogenase activity. 
This activity was manifested by a reduction in amount 
of DPNH added to the reaction mixture containing pro- 
ducts of aldolase action. 

Addition of DPNH to a sample containing only 
fructose-1,6-diphosphate or only an aldolase preparation 
resulted in an increase of the extinction at 340 mp which 
was proportional to amount of DPNH added. When an 
aldolase preparation was added to a sample containing 
fructose-1,6-diphosphate and DPNH, however (Table 2), 
there was a sharp decrease in the extinction value (expt. 
I, sample 1), and when DPNH was added to a solution of 
phosphotrioses and aldolase there was only a slight in- 


crease in the extinction value (expt. Il, sample 1). Ap- 
parently dihydroxyacetone phosphate formed by the 
action of aldolase on fructose-1,6-diphosphate has rapidly 
oxidized DPNH to DPN*, being itself reduced to a-gly- 
cerophosphate, This reaction came to equilibrium during 
the first few seconds, was sensitive to heat, and ceased 
after 1 minute in boiling water. 


Triose Phosphate Dehydrogenase Reaction 


The triose phosphate dehydrogenase reaction was 
carried out in samples after the aldolase and a-glyc- 
erophosphate dehydrogenase, and DPNH. Products being 
formed by the action of these enzymes were 3-phospho- 
glyceraldehyde, dihydroxyacetone phosphate, &-glyc- 
erophosphate, DPN* with a very slight admixture of 
DPNH; residual unreacted fructose-1,6-diphosphate was 
also present. 

In most of the experiments with triose phosphate 
dehydrogenase these samples were used after heating at 
100° and removal of the coagulated aldolase preparation, 
Some experiments were performed without preliminary 
removal of the enzymes. 

Results of a typical experiment carried out after 
removal of aldolase are presented inFig. 1. In the 
process of 3-phosphoglyceraldehyde oxidation an equiv- 
alent amount of DPNH is formed and this is reflected in 
the increase in extinction at 340 my. Reaction rate is 
low at a low starting concentration of fructose-1,6-di- 
phosphate (~1 jp mole/ml) and rises sharply with an 
increase in fructose-1,6-diphosphate (to 4 , moles/ml). 
Further increase in the original substrate was not ac- 
companied by a corresponding increase in rate of the 


TABLE 2, The Oxidation of DPNH in Samples Containing Fructose-1,6-Diphosphate, DPNH, 
and an Aldolase Preparation Contaminated with «-Glycerophosphate Dehydrogenase.Sample 
Composition: Expt. I. 2.3 moles Fructose-1,6-diphosphate; 0.2 moles DPNH, and 2.7 


mg enzyme, temp. 20°, Expt. II. 1.7 p moles fructose-1,6-diphosphate; 1.1 mole DPNH, 
and 4.6 mg enzyme, temp. 20° 


I 1 


Sample composition 


Volume, ml; A Egy 


Fructose-1,6-diphosphate + DPNH 2.6 


The same + enzyme, immediately 2.7 
The same + enzyme, after 20 minutes 2.7 
Fructose-1,6-diphosphate + DPNH 2.6 
The same + water, immediately 2.7 
The same + water, after 20 minutes 2.7 


Water + DPNH 


2.6 


The same + enzyme, immediately 2.7 
The same + enzyme, after 20 minutes 2.7 
Fructose-1,6-diphosphate + enzyme 3.4 
The same (3 ml) + DPNH (0.5 ml), after 


5 minutes 


3.5 


The same, after 20 minutes 3.5 


Water + enzyme 


3.4 


The same (3 ml) + DPNH (0.5 ml) after 5 


minutes 


3.5 





triose phosphate dehydrogenase reaction. Evidently 
fructose-1,6-diphosphate concentration was no longer 
limiting the rate of this reaction. In this event, DPN* 
became the limiting factor. 

In those experiments performed without preliminary 
heating to inactivate aldolase and &-glycerophosphate 


dehydrogenase, an extremely small increase in extinction 
at 340 my was observed, Triose phosphate dehydrogenase 
reaction rates in the presence and the absence of an 
aldolase preparation are illustrated inFig. 2. When the 
aldolase preparation is present, the effect of the admixture 
of «-glycerophosphate dehydrogenase is manifested in 
Fig. 1 
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Fig. 1. The effect of fructose-1,6-diphosphate concentration on the triose phosphate 
dehydrogenase reaction, Starting amounts of fructose-1,6-diphosphate in moles: 

1) 8.6; 2) 4,3; 3) 0.9; DPNH, oxidized in the a-glycerophosphate dehydrogenase re- 
action to DPN*, 1.35 moles in all samples, Sample volume 2.5 ml. 


Fig. 2. The effect of the aldolase preparation on the triose phosphate dehydrogenase 
reaction. 1) Fructose-1,6-diphosphate + aldolase + DPNH; triose phosphate dehydro- 
genase added after incubation at 30°, heating at 100°, and centrifugation; 2) the same, 
without heating at 100°; 3) aldolase + DPNH + triose phosphate dehydrogenase without 
heating at 100°, Starting amounts in samples: fructose-1,6-diphosphate— 4.1 1 moles; 


DPNH- 0,36 » moles; aldolase 5.8 mg; triose phosphate dehydrogenase—1.8 mg. 


Sample volume 3.0 ml, 


the oxidation of DPNH arising from the oxidation of 
3-phosphogl yceraldehyde, 

The experiment carried out with triose phosphate 
dehydrogenase in the absence of sodium arsenate (Fig. 3) 
at: physiologically low starting substrate levels shows that, 
under these conditions, when the reaction is reversible, 
almost no perceptible increase in DPNH can be detected. 


Lactic Dehydrogenase Reaction 


Control experiments showed that in the absence of 
substrate or enzyme there was a slight increase in the 
extinction value. Only in a complete system, however. 
(lactate, DPN’, and lactic dehydrogenase), was there a 
significant regular increase indicating the accumulation 
of DPNH. The dependence of reaction rate on concentra- 
tion of lactate and of DPN* is shown in Figs.4 and 5. 

At low concentrations of these reactants, this dependence 
is linear. 

Since the H* ion is formed together with DPNH in 
this reaction, pH has an effect on reaction course, As 
Fig. 6 shows, acidification of the reaction medium 
reversed the reaction from lactate oxidation to pyruvate 
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Fig. 3. The effect of arsenate on the 

triose phosphate dehydrogenase reaction, 

1) With sodium arsenate; 2) arsenate added 
after 57 minutes, Starting amounts in 
samples: fructose-1,6-diphosphate— 4,1 
moles; DPNH— 0.36 p moles; arsenate— 
—0,2 ml, 2:10°° M. Sample volume 3.1 ml. 





a 


Ze 


Zz 


2 


— 


0 20 36 4 min 0 10 2 30 40min 


Fig. 4. The effect of lactate Fig. 5. The effect of DPN* 
concentration on the lactic concentration on the lactic 
dehydrogenase reaction. dehydrogenase reaction. 
Sample composition: lactate+ Sample composition: lac- 
+ DPN* + lactic dehydrogenase. tate+ DPN* + lactic dehy- 
Lactate content of samples in drogenase. DPN™ content of 
umoles: 1) 50.0; 2) 5.0; 3) samples in fp moles: 1) 0.15; 
0.5. DPN*—0.15 pmoles. 2) 0.075; 3) 0.037; lactate— 
Sample composition: 2 ml —50 p moles, Remaining 
glycine buffer, pH 10+1 ml components as in fig. 4. 
water + 0.1 ml lactate + 0.1 

ml QPN* + 0.02 ml lactic 

dehydrogenase. 
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Fig. 6. The effect of pyruvate and pH on the direction and rate of the 
lactic dehydrogenase reaction. To the starting samples (lactate + DPN*+ 
+ lactic dehydrogenase) were added in succession: 1) Pyruvate, HCl, 
NaOh; 2) pyruvate, lactate; 3) HCl, NaOh. Amounts added: pyruvate— 
—0.05 ml, 9.05M; lactate—0.1 ml, 0.5M; HC1—0.04 ml, 1M; NaOH—- 
—0.02 ml, 2M. Remaining components as in Fig. 4. 


reduction and oxidation of DPNH to DPN*. Under these involved in the glycolytic breakdown of carbohydrates. 
conditions, an increase in pyruvate was not obligatory In these experiments the «-glycerophosphate dehy- 
for reversal of the reaction, as was anincrease in the drogenase reaction turned out to be especially rapid. 
hydrogen ion concentration In a 1-ml sample, more than 1.0 » mole of DPNH could 
be oxidized to DPN* in a few seconds, Oxidation of 
phosphoglyceraldehyde was less rapid. 

The data of thisstudy make it possible to charac- In samples containing ~ 3.01 moles of phosphotriose, 
terize roughly the rates of dehydrogenase reactions 1.4 moles of DPN* , and 0,3-0.7 mg of triose phos- 
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phate dehydrogenase, ~0.3-0.4 mole of DPNH was 
formed during a 30-60 minute incubation period at room 
temperature, The reaction ceased at a DPN*/DPNH 
ratio of ~ 3,0 

In a reaction mixture containing 5 » moles of lactate, 
0.15 p mole of DPN*, and 0,02 mg of a lactic dehy- 
drogenase preparation, ~ 0.06 , mole of DPNH was 
formed before the establishment of an equilibrium, The 
DPN*/DPNH ratio was ~1.5, This ratio depended on 
lactate concentration and DPN* concentration, At low 
DPN* concentrations, the coenzyme was the factor 
limiting the reaction rate, 

In all the dehydrogenase reactions, equilibrium was 
established at a point at which DPN* exceeded DPNH. 
These results are in agreement with published infor- 
mation [24], DPN* is the predominant form in animal 
tissues as well, exceeding DPNH two or three times 
(25]. Holzer, Schulz, and Lynen [26] found considerably 
higher DPN*/DPNH ratios in yeast. Under anaerobic 
conditions, the DPN* concentration was 400 times 
higher than that of DPNH. 

The rapid reaction between DPNH and dihydroxy- 
acetone phosphate, which is catalyzed by an &-glycero- 
phosphate dehydrogenase associated with aldolase, is of 
interest inconnection with the mechanism of regulation 
of amounts of oxidized and reduced diphosphopyridine 
nucleotides in animal cells. This enzyme, which has 
been studied in isolated form by a number of workers 
[27-30], is a soluble enzyme from sarcoplasm. In 
mammalian muscle it is more active than the a-gly- 
cerophosphate dehydrogenase associated with mitochon- 
dria which acts in conjunction with the cytochrome 
system [30], 

The soluble &-glycerophosphate dehydrogenase is 
coupled through the DPN*-DPNH system to the 3-phos- 
phoglyceraldehyde dehydrogenase. The relative rates 
of the reactions catalyzed by these enzymes determine 
the DPN*/DPNH ratio of the reaction medium, This is 
strikingly shown in an enzyme system composed of 
fructose-1,6-diphosphate, DPNH, and the three enzymes 
which catalyze the successive reactions: 1) phosphotriose 
formation (aldolase); 2) dihydroxyacetone phosphate re- 
duction (soluble &-glycerophosphate dehydrogenase); 3) 
3-phosphoglyceraldehyde oxidation (3-phosphogl yceralde- 
hyde dehydrogenase), 

DPNH, which is oxidized in the «-glycerophosphate 
dehydrogenase reaction and then reduced in the triose 
phosphate dehydrogenase reaction, is once more oxi- 
dized in the presence of dihydroxyacetone phosphate by 
&-glycerophosphate dehydrogenase, As shown by these 
experiments, even in the presence of arsenate, which 
renders phosphoglyceraldehyde oxidation irreversible 
[23], the formation of 3-phosphoglyceric acid may go 
to completion without accumulation of DPNH, 

Under these experimental conditions, only when 
the &-glycerophosphate dehydrogenase was inactivated 
after having acted on dihydroxyacetone phosphate (by 
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heating 1 minute at 100°) could the oxidation of phos- 
phoglyceraldehyde be detected by an increase in the 
extinction at 340 mu. 

In animal cells there are various hydrogen acceptors 
for the DPNH-DPN* reaction, In addition to dihydroxy- 
acetone phosphate, pyruvate may act as an acceptor 
under anaerobic conditions, with «-glycerophosphate 
dehydrogenase and lactic dehydrogenase competing for 
the available DPNH, The outcome of such competition, 
which is affected by properties, as yet little studied, of 
the interaction of the DPN*—DPNH system with the 
enzymes and their substrates, apparently determines 
whether the carbohydrates of the cells are converted 
into lactic acid or into glycerophosphate which is then 
utilized in phospholipid synthesis. The interaction of 
a&-glycerophosphate dehydrogenase and 3-phosphogly- 
ceraldehyde dehydrogenase exerts an influence on the 
DPNH level, and, through this, on the lactic dehydro- 
genase reaction, the final reaction of glycolysis, as well. 
The predominance of DPN* in animal tissues is also, 
apparently, a consequence of the interaction of these 
enzymes, 

When substrates, coenzymes, and enzymes were 
employed in low concentrations, an increase in fructose- 
-1,6-diphosphate, phosphotrioses, DPN*, or DPNH in- 
variably led to an increase in reaction rate. 

In accordance with this, it may be supposed that a 
change in the concentration of substrates and coenzymes 
plays a prominent role in the alteration of rates of 
enzymatic reactions which occurs during fuctional shifts 
in carbohydrate metabolism in animal tissues, It seems 
less probable that such alterations are due to an instan- 
taneous formation or disruption of apoenzyme moieties. 

Further studies should make it possible to evaluate 
more accurately the quantitative aspects of the re- 
lationship between the individual dehydrogenases, the 
DPN*—DPNH system, and the substrates which arises 
during the anaerobic breakdown of carbohydrates. 


SUMMARY 


In anaerobic carbohydrate metabolism the dehy- 
drogenase reactions lead to high level of DPN* con- 
centration at the expense of DPNH. 

In experiments with low substrate concentrations 
the ratio DPN*/DPNH during lactic acid dehydrogenase 
and triose phosphat2 dehydrogenase reactions reached 
1.5— 3,0 and was still higher in the course of the «-glycero- 
phosphate dehydrogenase reaction, 

When aldolase, &-glycerophosphate dehydrogenase 
and triose phosphate dehydrogenase were added in 
consecutive order the oxidation of 3-phosphoglyceric 
aldehyde was not accompanied by accumulation of 
DPNH. DPNH of the reaction of triose phosphate oxi- 
dation was used for reduction phosphodioxyacetone with 
formation of DPN*+, The elimination of «-glycero- 
phosphate dehydrogenase from this system led to DPNH 





accumulation proportional to the rate of 3-phosphogly- 
ceric aldehyde oxidation. 

During glycolysis rates of oxidation of a-glycero- 
phosphate, triose phosphate and lactic acid by adequate 
dehydrogenase determine the DPN*/DPNH ratio usually 
with predominance of the oxidative form. 

Apparently the ratio DPN*/DPNH is of some import- 
ance for regulation of rates of dehydrogenase reactions 


associated with functional changes of carbohydrate metab- . 


olism. 
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In a previous publication [1] it was shown that anti- 
genic complexes isolated by TCA from typhoid fever 
culture and from regenerated “secondary” cultures No. 9 
“sk" and No, 3 differed somewhat in their chemical 
composition. “Secondary” cultures No, 9 “sk” and No, 
3 were isolated from the initial typhoid fever culture 
"A", which was typical in its biological properties. 
Culture No, 9 "sk" was identical to the initial typhoid 
fever culture in its biological properties and differed 
only in incomplete restoration of the original degree of 
virulency, Culture No. 3 was profoundly different from 
the initial culture it was inert in enzymatic and sero- 
logical respects; its antigenic properties and virulency 
were lowered, 

In relation to this it was of interest to compare 
other microbial cell components, such as nucleoproteins 
and nucleic acids. Since the nucleoprotein content of 
the bacterial cell is quite high [2], the study of nucleo- 
protein composition of these cultures and their content 
of nucleic acids became of definite interest. 

In the present study the following problem was 
presented: to study the qualitative and quantitative 
changes which could take place in nucleoproteins iso- 
lated from cultures differing in biochemical, antigenic 
and virulent properties. 


METHODS AND RESULTS 


As the material for investigation there was utilized 
acetone-extracted fat-free microbial bodies, obtained 
from the initial typhoid fever culture "A* and from two 
“secondary” regenerated filterable form cultures No, 9 
"sk" and No, 3. 


Nucleoproteins from these cultures were isolated by 
the method of Belozerskii [2] following a preliminary 
extraction of the antigens with TCA: repeated extraction 
with 0.2% NaOH and precipitation at the isoelectric 
point with acetic acid. The nucleoprotein precipitate 
was separated by centrifugation, washed with water,and 
dried with alcohol and ether. In the obtained prepara- 
tion total N content was determined by micro-Kjeldahl 
total P according to Fiske-Subbarow, various forms of 
phosphorus, with regards to nucleic acids, according to 
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Schmid and Tannahauser [3], and DNA according to the 
reaction of Diche with diphenylamine. 

Comparison of the obtained data showed that 
nucleoprotein of the initial typhoid fever culture * A" 
and of the regenerated culture No. 9 “sk” differed basi- 
cally from the nucleoprotein from the regenerated 
culture No. 3 in their content of total P, RNA P and 
DNA P. Nucleic acid content in the nucleoprotein iso- 
lated from regenerated culture No. 3 was two-fold lower 
than in nucleoprotein obtained from the two other 
cutltures. The pointed-out differences, evidently, should 
be taken as a change in nucleotide content of nucleo- 
proteins from culture No. 3, biological properties of which, 
as was already shown, were considerably altered. 

The obtained data are fully in accord with results 
from the study of the biological properties of the in- 
vestigated cultures. Thus, the regenerated culture No. 9 
“sk", closely related in its chemical composition to 
typhoid culture "A", was identical with the latter in its 
biological expressions. The regenerated culture No. 3, 
which was pronouncedly different in its biological 
properties from the initial culture and the “secondary” 
culture No. 9 “sk”, was likewise different in its chemical 
structure, 

From Table 1 it is also evident that a large portion 
of P in the nucleoproteins belonged to nucleic acids. 
The DNA content in the nucleoprotein of the secondary 
culture No. 9 was somewhat greater than in the initial 
culture. Analogous data were obtained by Galkina in 
1958 [4]. 

After separating nucleoproteins into fractions, 
Belozerskii and coworkers [5-17] have established that 
bonding of nucleic acid and proteins differed. In one 
case the nucleic acids were separated from the protein 
easily, and in other cases they could not be separated 
from the protein. According to Belozerskii, and this is 
supported by other authors [8-9], there exist two types 
of bonds: labile or salt-forming, and a more firm bond 
between the protein and the nucleic acid. In connection 
with this it was of interest to clarify whether there were 
differences in the protein-nucleic acid bonds in nucleo- 
proteins of the regenerated cultures, and especially in 





TABLE 1. Nucleoprotein Analysis of Various Cultures in % of Dry Matter 


| 


Cultures 


T yphoid fever “A” 


Regenerated filterable form No. 9 


S 
Regenerated filterable form No. 3 


Yield 


\Total 
nucleic 
acids 
as P 


| 
Nucleic 


cid P RNA | DNA 


4,28 |25,29}17,77| 43,06 


21,43) 19,89 
11,10 


8,99} 21,66 


TABLE 2. Chemical Composition of Nucleoprotein in Fractions of Different Cultures 


Nucleoprotein fraction 


Protein B 


Acid salt of nucleoprotein-V and 
nucleic acid -D 


V - true nucleoprotein (thymonucleic acid 
firmly bound with the protein) 


D -Nucleic acid 


nucleoproteins of culture No. 3 in comparison with the 
initial typhoid culture. 


Nucleoprotein fractionation, Nucleoprotein fraction- 
ation into separate components was conducted according 
to the method worked out by Belozerskii [2]. 

One gram of dry nucleoproteins (fraction A) was 
dispersed in cold with distilled water and then dissolved 
in 5% ammonia. Concentration of nucleoproteins in the 
solution was ~2%, The obtained clear solutions were 
acidified with acetic acid to a point of slight clouding 
of the solution. In order to precipitate the proteins, 
there was added to the solutions, with strong mixing, a 
saturated solution of picric acid; in order to obtain 
complete precipitation of the protein picrates (fraction 
B), the solution was acidified with acetic acid. The 
formed precipitate was separated by centrifugation, 
washed with water and then with alcohol and by means 
of reprecipitation it was freed from picric acid. To the 
filtrates there was added 1.5 volumes of ethanol and 
the mixture was acidified with HCl. Into the precipitate 
fell compounds rich in phosphorus, which were composed 
of nucleoproteins (fraction V) and nucleic acids (fraction 
D). In order to separate the latter the precipitate was 
dissolved with a weak alkaline solution and to it was 
added excess of acetic acid. The obtained precipitates, 
“true” nucleoproteins (fraction V) were washed with 
water, alcohol and dried in a vacuum dessicator. Nucleic 
acids, D, were isolated from the filtrave by adding to it 
1.5 volumes of ethanol and then HCl until a positive 


Total N Total P 


Weight, in % of absolute dry 
g weight 


Culture 


°4° 15,90 
No.9 "sk" 
No.3 


0,391 
0,387 15,01 
0,441 14,23 
0,302 — 

0,268 — 

0,183 
0,105 
0,104 
0,098 
0,189 15,03 8,69 
0,155 14,54 8,45 

12,2 


0,055 25 | 8,58 


0,12 
0,21 
0,15 
6,80 
6,77 
6,75 
4,42 
3,66 
aie 


No.9 "sk" 
No. 
w _ 


No.9 “sk” 
No.3 

ae! tg 
No.9 "sk" 
No 3 


14,75 
13,74 


12,27 


Congo paper reaction appeared. In order to purify the 
nucleoprotein fraction from foreign admixtures it was 
redissolved and reprecipitated a number of times. 

In this way, as the result of fractionation, all nucleo- 
proteins were subdivided into fractions: protein B, acid 
salt of nucleoprotein and nucleic acids with a raised (up 
to 6%) phosphorus content V + D, true nucleoprotein V 
and nucleic acid D. Nucloprotein fractionation data 
from the different cultures are presented in Table 2. 

The nucleoproteins did not differ qualitatively in 
the character of protein-nucleic acid bonds. With re- 
gards to the total yield of fractionsV and D and fractions 
V and D separately, the greatest yield was obtained 
during breakup of nucleoprotein from the initial typhoid 
fever culture; the smallest yield , from fractionation of 
nucleoprotein from culture No. 3. Protein B and “true” 
nucleoprotein V gave positive qualitative Biuret reaction. 
Fraction D was intensly stained withorcein for RNA; the 
same reaction with “true” nucleoproteins resulted in 
very weak staining. Qualitativetests for DNA with di- 
phenylamine produced the opposite result, brighter staining 
with “true” nucleoprotein (fraction V) and a very weak - 
- with nucleic acid (fraction D). A positive Feulgen 
reaction was obtained only with true nucleoprotein. 

The last reaction confirmed the presence of DNA in the 
“true nucleoprotein”. Aside from that, from the obtained 
data it is evident that into the composition of the in- 
vestigated nucleoproteins enter proteins which can be 
joined with nucleic acids in a “labile” or firm form. At 
the same time, a large protion of the protein in nu- 
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cleoproteins was joined with nucleic acids in a “labile” 
form, Attempts to separate “true” nucleoprotein V into 
protein and nucleic acid with the help of picric acid did 
nto produce the desired results. This pointed to the 
firmness of the bond between the protein and nucleic 
acids. 

In order to conduct qualitative comparisons of the 
composition of nucleoproteins studied, the method of 
paper partition chromatography was utilized with two 
solvents: butyl alcohol - acetic acid - water in the 
ratios of 40:10:50 or 40:15:45, The solvents were 
let through the chromatograms stepwise. In the nucleo- 
protein hydrolysate there were discovered 19 amino 
acids: cysteine, lysine, histidine, arginine, aspartic acid, 
serine, glycine, hydroxyproline, glutaric acid ,threonine, 
-alanine, proline, tyrosine, &-aminobutyric acid, 


methionine, valine, phenylalanine, isoleucine and leucine. 


Proline and hydroxyproline were developed by a special 
reaction with isatin [10]. Qualitative chromatographic 
analysis had revealed that the amino acid composition 


Nucleoproteins 


Typhoid fever culture "A" 
Secondary culture No.9 “sk" 
Secondary culture No. 3 


The presence of specific components was confirmed 
by supplementary adsorption of precipitins in uncleo- 
protein antisera and with a subsequent ring-precipitation 
reaction. Separate portions of antisera against nucleo- 
proteins 9 "sk" were exhausted with nucleoproteins from 


Antisera 
against 

nucleo- 
proteins 


| Adsorbed by 
i nucleo- 
| proteins 


gtsk" | "a 
_g "sk No. 3 
°s “4° 

3 No. 9 "sk" 


As is evident from the data, during exhaustion of 
antiserum against nucleoprotein No. 9 "sk" with nu- 
cleoprotein "A" there was complete extraction of anti- 
bodies to nucleoprotein "A", and there were left anti- 
bodies to nucleoproteins No, 9 "sk" and No. 3, During 
exhaustion of the given antiserum with nucleoprotein 
No. 3, in the antiserum there were observed antibodies 
against nucleoprotein "A". During exhaustion of nu- 
cleoprotein No. 3 antiserum with nucleoprotein " A* 
there was complete extraction from the antiserum of 
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of the protein component from nucleoproteins studied 
was the same. 

In order to compare the antigenic properties of the 
nucleoproteins studied, rabbits were immunized and 
antisera were obtained these were utilized for the ring - 
precipitation reaction. The conducted investigation al- 
lowed ustoclarify not only the similarites of the antigenic 
properties of nucleoproteins from the initial and re- 
generated cultures, but also the appearance in these 
latter of specific antigenic components. Adsorption of 
the precipitins was conducted in order to determine more 
accurately the peculiarites of the antigen structure of 
regenerated cultures and to compare it with the initial. 
For this purpose to 1 ml of immune serum there was 
added 1 ml of nucleoprotein solution. The mixture was 
held at 37° for four hours, then at 4° for 18-24 hrs and 
then it was centrifuged. The supernatant was utilized 
for the precipitation. The ring-precipitation reaction 
with nucleoproteins of the various cultures gave the 
following results: 


Antisera to Cultures 
No. 
"A" “= Na. 3 


47100 220 1:10 
1:10 1: 100 1340 
A 1:10 1: 100 


cultures "A" and No. 3, antisera against nucleoprotein 
No. 3 were exhausted with nucleoproteins "A" and No, 9 
"sk", and then a cross-precipitation reaction was con- 
ducted, With the different nucleoproteins the following 
results were obtained: 


No. 9 "sk" No. 3 


10.1: 100} 1: 5/1: 10)1: 100 


antibodies against nucleoprotein "A* and appearance of 
nucleoprotein No. 9 "sk" and homologous antibodies. 
During exhaustion of the given nucleoprotein No. 9 "sk" 
antiserum there were observed only antibodies against 
nucleoprotein No. 3. In this way, the study of nucleo- 
proteins calls attention to the presence in "secondary" 
cultures of specific together with group antigens. 
Numerous replications of these experiments were 
always accompanied by the same results, attesting to the 
fact that in the process of regeneration of “secondary” 





cultures from filterable forms, in parallel with the re- 
storation of cultural, biochemical and antigenic pro- 
perties of the initial culture, there occurred restoration 
of common antigenic components of the full antigen at 
the expense of nucleoproteins of the initial culture. 
The specific antigenic structure of the regenerated 
filterable form cultures depended on the formation of 
specific antigenic properties of the nucleoproteins. 


SUMMARY 


Nucleoproteins isolated from the initial typhoid 
fever culture "A" and from regenerated filterable form, 
No, 9 "sk", differed from nucleoprotein obtained from 
regenerated “secondary” culture No, 3 in their content 
of total phosphorus and nucleic acids. The content of 
the latter in nucleoprotein isolated from regenerated 
culture No. 3 was one half of the content in the other 
two, 

Fractionation of the nucleoproteins studied showed 
that they were not individual compounds but could be 
subdivided into fractions: protein, firm complex of 
protein and nucleic acid,and nucleic acid. A large 
portion of the protein in nucleoproteins was not firmly 
bound. 

Paper partition chromatography did not reveal 
qualitative differences in the amino acid composition 
of the protein component of the nucleoproteins studied, 

During the study of the antigenic properties of 
nucleoproteins from regenerated filterable form bacteria 


there were revealed specific antigens along with group 
antigens. 
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Investigations of the binding of labeled methionine- 
-s*6 by pure proteins in the organism have been widely 
used in biochemistry for study of various metabolic pro- 
cesses, Recently the specific activities of labeled meth- 
ionine preparations have reached very high values (up 
to 1 curie/ g) which has made the technique of measure- 
ment easier. However, in a number of studies [1-4] it 
has been shown that under the action of ionizing radia- 
tion on methionine solutions there is marked degradation 
with formation of a series of decomposition products. 
For example, as a result of the action of B- and y-rays 
[1] on dilute solutions of pure methionine, up to eight 
different substances have been found, including products 
of oxidation of methionine (to sulfoxides and sulfones) 
and its splitting with rupture of the C~S bond. 

Kolousek and coworkers [2-4] have shown that 
under the action of x-rays and 6-rays on methionine 
solutions many degradation products of methionine are 
also found, The authors have showed that in preparations 
of methionine with high specific activity similar oxi- 
dation or decomposition of methionine can occur as a 
result of internal self-irradiation by B-rays. Therefore, 
in work with such methionine preparations or when they 
are kept, a large number of substances accumulate in 
them which have various chemical properties. There is 
no doubt that this fact must be considered in all in- 
vestigations using labeled methionine. The study of this 
question with regard to binding of labeled methionine 
by proteins is the object of our work. 


EXPERIMENTAL 


The experiments were carried out in 1957-1959, 
For the study we used preparations of methionine-s*® 
with the following specific activities: preparation No, 
1,145 mcurie/g, preparation No. 2,637 mecurie/g, 
and preparation No. 3, 300 mcurie/g. The preparations 
were submitted to paper chromatography on paper (Len- 
ingrad “slow") first treated with a 0.4% solution of 
alcoholic alkali and an 0.8% HC1 solution and carefully 
washed with distilled water to disappearance of Cl ion, 
The labeled methionine was placed on the paper as a 
narrow strip in the amount of 100 to 300 yg. 

As solvent we used a mixture of butanol saturated 
with water and 85% formic acid in the ratio 9:1. Chro- 
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matography was continued for about a day. The chro- 
matogram, dried at room temperature, was submitted to 
radioautography on film of type XX or X-5. After de- 
velopment, the film showed from eight to twelve fractions. 
The corresponding spots on the chromatogram were cut 
out, eluted with water, and after filtration the radio- 
activity was measured in each extract, 

In measuring the adsorption of the fractions by 
protein (serum albumin) we prepared five to seven so- 
lutions of serum albumin (with the methionine fraction 
preparations) were denatured by the method described 
previously (5, 6] using x-rays (3BPM-200 tube, 180 kv, 
15 ma, dose 20, 000 r) or by heating on a water bath for 
25 min at 80°. After denaturation the protein was pre- 
cipitated by addition of an equal volume of 10 or 20% 
TCA, The precipitate was washed with a mixture of 
borate buffer, pH 7.8 and 10% TCA in the ratio 1:1 with 
repeated centrifuging (20 times) or on a filter up to 80 
times to absence of activity in the evaporated wash 
water. In this way we determined the fraction of meth- 
ionine bound by protein at different concentrations of 
fraction in solution, that is, the adsorption isotherm of 
the fraction. 

In some of the experiments we also measured the 
decreased activity of the precipitate after washing the 
bound fraction with a solution of unlabeled methionine. 
For this purpose, a part of each precipitate was placed 
on a target, dried to constant weight (at 100-110° for 
7-8 hours) and the activity was checked with an end 
counter. Another part of each precipitate was dissolved 
in several drops of 2 N NaOH and the solution was treated 
with 3 mg of unlabeled methionine; after standing for 
several hours the protein was again precipitated by adding 
an equal volume of 20% TCA and the activity of the 
precipitate was again determined. 


RESULTS 


Chromatography of the methionine preparation 
showed the presence in it of 8 to 12 fractions (Fig. 1). 
Comparison of the pure unlabeled methionine which 
gives only one ninhydrin-positive spot on the chromato- 
gram with the labeled acid showed that only fraction 6 
corresponded to methionine itself. The spots of the 
other fractions appeared in the labeled methionine pre- 





Fig. 1. Radioautogram of methionine and its degradation 
products. A) Preparation No. 2; B) preparation No. 3; 
figures denote the number of fractions. Fraction 

6 corresponds to pure methionine. 


parations even on the first day after synthesis of the 
preparations (we tested this for laboratory and prepared 
samples); when the preparations were kept, the intensities 
of the different fractions changed. Figure 1 shows that 

the content of the various fractions in different pre- 
parations is very different, especially for preparation 

No. 2 in which the methionine content (fraction 6) has 
reached 83%; the relative content of the different fractions 
is shown in the table. 


According to the adsorption of the different fractions 
on heat-denatured serum albumin, they differ considerably 
among themselves (Figs. 2 and 3), Figure 2 shows that 
the adsorbability of fractions 1 and 2 greatly surpasses 
the adsorption of pure methionine (fraction 6). In Fig. 

3 the adsorbability of fraction 2 is higher than for fractions 
5 and 6, which are close to each other, while the ad- 
sorbability of fraction 1 is almost twice as great as that 
of the other fractions. Figure 2 shows also that the 
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Fig. 2. Adsorption isotherms of fractions 
1, 2, and 6 and unfractionated preparation 
(M) No. 2 of labeled methionine on serum 
albumin 


activity of the bound, labeled, unfractionated methionine 
has almost twice the adsorbability of fraction 6,although 
the content of the latter is about 85%; actually, the same 
conclusion follows from Fig. 3 where the activity in 
bound fraction 1 is twice as high as in fraction 6 in com- 
paring the number of counts in solution. 

The different behavior of the fractions is also evi- 
dent in the experiments on desorption of protein-bound 
fractions by solutions of unlabeled methioine. Thus, 
for example, the amount of binding of the different 
fractions in Fig. 2 is decreased after treatment of the 
precipitate by unlabeled methionine for fraction 1 by 
40%, for fraction 6 and for unfractionated methionine 
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by 50%, Comparison of these data with the adsorption 
isotherms in F igure 2 clearly shows the presence in 
methionine-S®* of small amounts of strongly adsorbing 
admixtures which are correspondingly weakly washed 
out by solutions of unlabeled methionine. 

In denaturation of the serum albumin by irradiation 
with a dose of 20,000 r (at a methionine content of 
40,000 counts /min/ml of mixture), the relative increase 
of binding as compared with unirradiated protein for pure 
methionine (preparation No. 3, fraction 6) was about 
five-fold, while for fractions 1 and 7 it was 1.8fold, 
for fractions 2 and 4, 2.6-fold, for fraction 5, 2.0-fold, 
and for fractions 3 and 8, 3.0-fold. Thus for different 
preparations of labeled methionine and different methods 
of denaturation of the protein, the fractions behave in 
very different ways. 


DISCUSSION OF RESULTS 


The above data along with the results of Kolousek 
and coworkers [2-4],show the presence of internal 
radiochemical degradation of methionine as a result of 
its self-irradiation by B-rays which for preparations with 
high specific activity is already high, soon after the 
synthesis. As a result, the preparations usually contain 
8-12 fractions of which some give the ninhydrin reaction 
and some are shown only by radioautographs. The 
quantitative distribution of the fractions for preparation 
No. 2 is shown in the table, from which it is clear that 
most of the fractions occur in very small amounts; this 
makes it especially difficult to isolate the fractions and 
identify them chemically. According to the data of 
Kolousek et al. [2], the methionine preparations contain 
products of demethylation, deamination, and oxidation 
of methionine, particularly methionine sulfoxide, homo- 


S Ss $s Ss 8 g 


Activity of precipitate, counts /min/per 10 mg 


S 


10000 +=20000 ©§6©30000 40000 
Concentration of fraction, counts/min/ml 


Fig. 3. Adsorption isotherms of fractions 
1, 2, 5, and 6 of preparation No. 1 for 
methionine-S* on serum albumin, 





cysteic acid, etc. Comparison of the Kolousek chromato- 
grams withour results (Table) show that fraction 1 cor- 
responds to homocysteine, fraction 2 to methionine sul- 
foxide, fraction 3 to methionine sulfone, fraction 6 to 
pure methionine, but most of the fractions remain un- 
identified. However, while our preparation No. 2 (Table) 
contains fraction 6 in the amount of 83.16%, for 
Kolousek there was only 67%; the content of fraction 2 

in ourpreparation was 5.6% and for Kolousek, 20%; the 
content of fraction 1 in our preparation was 2.04%, and 
for Kolousek, 5.2%, These differences are evidently ex- 
plained by the fact that the preparation of Kolousek, 
obtained from the USSR with an activity of 800 mcurie/g, 
had undergone a longer period of destruction. 

Kumta et al. [1] suggested the presence in irradiated 
preparations of methionine of amino acids with Rf values 
corresponding to leucine, isoleucine, aspartic acid, 
aminobutyric acid, etc. 

Actually, in studying the binding of labeled meth- 
ionine by proteins or by animal organs, the various 
fractions are adsorbed differently and therefore in esti- 
mating the distribution of methionine by the residual 
activity of the precipitate without taking account of the 
numerous components of the methionine preparations we 
can reach inaccurate conclusions. Thus, for example it 
follows from Fig. 2 that with an activity of the solution 
of 20,000 counts /min/ ml of mixture the total binding 
of unfractionated preparation (M) per 10 mg of preci- 
pitate is about 240 counts of which the methionine itself 
(fraction 6) makes up 83% of the preparation (that is, 
16,600 counts) which comes to 80 counts only, and the 
rest of the activity is due to binding of other substances 
by the protein. For our earlier methodof observing the 
denaturative changes of proteins in binding labeled 
methionine [5, 6] this fact was not significant, since our 
measurements were only the total increase in activity 
of the protein precipitate as a qualitative indication of 
the presence of denaturation. In a more detailed bio- 
chemical investigation we must consider that the ob- 
served changes in activity may be due to products of 
methionine decomposition. Therefore we must especially 
avoid use of desorption of the precipitate by unlabeled 
methionine to establish the amount of chemically bound 
methionine, since in this treatment substances may re- 
main in the precipitate which are not washed away by 
methionine and which have an entirely different chemical 
nature. 


It is also necessary to use care in interpreting the 
presence of a series of spots on the methionine chromato- 
gram in a biochemical investigation of its metabolism 
in the organism as the result of enzymatic transformation 
of methionine into other substances, In neglecting the 
radiochemical destruction of labeled methionine and 
che rapidity of this process there may be sources of error 
in the biochemical study (for example, it may be in- 
correct to draw conclusions as to the transformation of 

methionine into homocysteic acid, etc.). In order to 
decrease these errors we must work with chromatogra- 
phically separated fractions of pure methionine under 
conditions of use of these fractions immediately after 
isolation. It is possible that analogous facts may apply 
also in work with preparations of other amino acids or 
other compounds (such as Nal 181 [8]) with high specific 
radioactivity. 


SUMMARY 


In preparations of labeled methionine-S®* with high 
specific radioactivity, as a result of internal self-radiation, 
there may be a large number of products of its degrada- 
tion or oxidation (up to 8-12 fractions) which differ 
sharply in combining with proteins and in desorption by 
unlabeled methionine; this must be considered in all 
biochemical investigations with such preparations. 


LITERATURE CITED 


U. Kumta, S, Gurnani, and M, Sahasrabudhe, J. Sci. 
Ind, Res. 15, 45 (1956). 

J, Kolousek, J. Liebster and A. Babicky, Nature 179, 
521 (1957). 

J. Kopoldova, J. Kolousek, and A. Babicky, Nature 
182, 1074 (1958). 

J. Kolousek, J. Liebster, and A. Babicky, Coll. 
Czech. Chem. Comm. 22, 874 (1957). 

A.G, Pasynskii, M.S. Volkova, and V.P. Blokhina, 
Doklady Akad. Nauk SSSR 101, 317 (1955). 

T.E. Pavlovskaya, M.S. Volkova, and A.G, Pasynskii, 
Doklady Akad. Nauk SSSR 101, 723 (1955). 

T.I. Kazantseva, in: The Struggle with Silicosis, 
Vol. 4, [in Russian]. (Izd. AN SSSR, Moscow, 1959), 
p. 117. 

V. Doctor and J. Trunnell, Endocrinology 64, 455 
(1959). 





BIOCHEMICAL CHANGES IN THE ORGANISM OF THE CARP 
PRODUCED BY ADMINSTRATION OF ANTIGENS 

Ya.A. Epshtein, B.G. Avtikyan, N.E. Lavrovskaya, 

V.M. Rogozhnikova, and A.G. Artemova 


Research Institute of Lake and River Fisheries, State Planning Commision RSFSR, and Institute 
of Experimental Medicine, Academy of Medical Sciences USSR, Leningrad 
Translated from Biokhimiya Vol. 25, No. 3, pp. 427-435, 


May-June, 1960 
Original article submitted August 17, 1959 


The question of the origin of blood plasma proteins 
and the closely connected question of the genesis of 
specific antibodies are at present subjects of careful in- 
vestigation. The existing literature is chiefly concerned 
with mammals. There is very little information on 
plasma proteins in cold-blooded animals, especially in 
fish. It is not clear whether fish can produce specific 
antibodies in response to antigen stimulation. 

We have been unable to find on paper electroph- 
oretograms of blood serum of rainbow trout (Salmo trutta 
iridens), German carp (Carassius carassius [1]) and carp 
(Cyprinus carpio) separate protein fractions which corre- 
spond in mobility to the y-globulins of mammals .* 


In the recent comparative immunological investiga- 
tion of Avetikyan [2] it was shown that administration of 
antigen to the groundling (Misgurnus fossilis) and the 
German carp (Carassius carassius) does not produce anti- 
bodies. 

The biochemical and immological studies carried 
out on fish confirm each other since specific antibodies, 
as is known, are found among the globulins of blood 
serum. 

Our results agree with those in the literature on the 
electrophoretic separation of serum proteins in fish [3-5]. 
At the same time, we should mention that some 
authors have observed y-globulins in the serum of 
fresh water fish [6,7] and other investigators have 
shown that fish have an inherent function of producting 
specific antibodies [8,9]. However, such a function 
appears in certain types of fish, and only under definite 
conditions [10]. A small amount of y-globulin can be 
found in the serum of those marine bony fishes which 
have plasma cells [4]. In fresh-water fish both y-globulin 
and plasma cells are absent from the blood (as is known, 
these cells play a definite part in immunogenesis in 
mammals). 

These results show the need for parallel investiga - 
tions of blood serum proteins of fish and their reaction to 
parenteral injection of antigens, The present paper is 
devoted to this topic. 
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MATERIALS AND METHODS 


The experiments were carried out on hybrid carp 
(third generation from Kursk and Amur carp) grown at the 
experimental station of the Institute of Lake and River 
Fisheries in Ropesh, the autumn (September-October) and 
spring( April-May) before spawning. The experimental 
and control fish were kept under the same conditions in 
an enamel tank with running water at 6-7 (autumn) and 
11-12° (spring). In the autumn the experimental fish 
were not fed; in the spring they were fed twice a week. 

As the antigen we used normal horse serum (HS) and 
a 10% suspension of washed sheep erythrocytes (SE). The 
antigen was injected into the dorsal muscle. HS was used 
in varying doses from 0.005 ml to 0.01 ml/g of the carp 
at each injection. 

The plan of immunization was also varied. In the 
autumn, HS was injected at three-day intervals ten times, 
in the spring, three times, The serum of fish which had 
received HS was studied in experiments with precipitation 
and prolonged complement fixation at 0°. The SE sus- 
pension was injected daily in increasing doses (from 0.1 
to 1 ml in each test) for five weeks. Samples of blood 
taken from the fish of this group were studied after 
hemolysis. 

Blood samples for serological and biochemical in- 
vestigation were taken at different times (4-30 days) after 
the end of the cycle of injections of the antigens. 

Biochemical analysis of blood serum and liver tissue 
was carried out on the same day as the immunological 
analysis. For the analyses the blood from five to seven 
fish was combined; the blood was taken from the caudal 
vein after cutting off the tail. No anticoagulant or pre- 
servative was added to the blood. The liver was rinsed 
out with physiological saline through the hepatic vessels, 
keeping it in melting ice, and was homogenized in the 
cold in a microgrinder. All the biochemical analyses 
were carried out immediately after taking the samples. 

* At our request, R,Ya, Polyak kindly agreed to check our 


results, using Whatman paper and the Spinco electrophoretic 
apparatus, and confirmed our data. 





As controls we used carp which had not been injected 
with antigens. 

The total content of serum proteins was determined 
with a refractometer. Paper electrophoresis (on Leningrad 
“slow") was carried out with a voltage drop of about 12 
v/cm; the phoretogram was stained with bromphenol blue 
as described by Spinco [11]. Lipids on the electrophoreto- 
gram were stained with Sudan black. The lipid content 
was estimated by the intensity of the color of Sudan black 
in the serum or protein fraction deposited in a definite 
volume on the filter paper and dried before the color re- 
action by the method of Swahn [11]. The photometry was 
was Carried out with an FEK-M electrophotocolorimeter. 

We also made an electrophoretic study of the proteins 
which remained in solution after precipitation by(NH4)SO,, 
half saturated, and the protein fraction (lipoproteins, 
LP) precipitated from the supernatant liquid by acidifica- 
tion to pH 3.9 according to Macheboeuf [12]. Electrophoresis 
was Carried out in a veronal buffer with pH 8.6. Phos- 
pholipids (PL) were determined either by the amount of 
fatty acid fraction which did not dissolve in acetone but 
dissolved in the Bloor alcohol-ether mixture after saponi- 
fication, or bytheir phosphorus at thesame time as the de- 
termination of the other phosphorus fractions. The latter 
were determined in the blood serum and liver tissue by 
the method of Schmidt-Thanhauser as modified by 
Lisovskaya [13] and Yakhina [14] for the determination of 
phosphoproteins. Lipids were determined from the quantity 
of fatty acids by conductometric titration [15], running 
the saponification according to Schmidt-Nielsen [16] 
without preliminary precipitation of the protein. For this, 
0,1-0.2 ml of blood serum or the corresponding amount 
of Bloor extract from liver tissue was saponified from one 
to one and a half hours on a water bath at 100° with 
addition of 1 ml of 1 M KOH, The fatty acids were 
precipitated with 1 M HCl and removed with ether. After 
evaporation, the residue was dissolved in 5-6 ml of 
alcohol and titrated conductometrically with a water 
solution of 0.01 M alkali (alkali solution gives a less 
clear determination of the end of titration) using an OKB 
PEP conductometer. To avoid large blanks, purified and 
freshly-distilled organic solvents should be used. 

Paper electrophoretic separation was carried out 
with liver proteins dissolved in salt solution according to 
Kaplanskii [17]. Acid-alkali ratio in the blood serum 
was determined by the direct method [18]. Residual ni- 


trogen was determined by the Nessler method in protein- 
free 10% TCA filtrate, amino nitrogen according to 
Uzbekhov [19], cholesterol according to Neuschloss [20], 
and liver phosphatase activity according toBodansky [21]. 


RESULTS AND DISCUSSION 


Until now we have been limited, for the coloring of 
the serum on the electrophoretogram,to the protein stains, 
and we have obtaifed from the number of fractions (but 
not from the relative content of the separate fractions) 

a picture resembling that described by Drihlon [3]. Like 
Drihlon, we tend to consider the first, most mobile fraction 
as the albumin fraction. In our carp, this fraction consists 
chiefly of two closely connected fractions: one evenly 
and weakly colored, distributed in the form of a low 
plateau ahead of the second, an intensely colored peak. 
We could not separate these fractions on paper after 
longer electrophoresis. Beyond this peak at some distance 
there follows a narrower and less intense peak and be- 
yond this,a third intensely colored, peak which passes 
into a weakly colored, gradually falling section. The 
last part of the electrophoretogram somewhat resembles 
the section which remains in the paper electrophoresis 
of albumin. The three clear peaks (Fig. 1) could be 
designated as the albumin fraction (A), &-globulins, 

and 8-globulins. The final colored section, which has 
a form more like a plateau or even a small peak, is 
considered by Drihlon as a y-globulin fraction. When 
we stained the electrophoretogram with Sudan black we 
observed that in the carp blood serum (and also, as we 
were convinced, in the trout and German carp) only the 
fraction A was colored especially intensely on its peak 
and less markedly in the fraction ahead of it. No other 
fraction in the carp or the other fish which we studied 
was stained by Sudan black, On the basis of the in- 
formation in the literature that it is very difficult to 
separate on paper the LP fraction, which migrates with 
y-globulin, from the albumin fraction, we are inclined 
to consider the first intensely colored peak stained by 
both Sudan black and protein reagents as the a,-globulin 
fraction with the accompanying LP, In this case, only 
the part of fraction A ahead of the peak comes from 
albumins and lipoalbumins. The second, more weakly 
indicated peak should correspond to the og -globulin 
fraction, and the third to the 8-globulin fraction. 


Fig. 1, Paper electrophoretog ram of carp serum proteins 
according to Drihlon (a) and according to our data (b) 


A) albumin; 4, 2, By, Be, 
bulin fractions. 


y) the corresponding glo- 





TABLE 1. Total Protein Content and Relative Content of 
Separate Protein Fractions (in %) in Blood Serum of Controls 


and Experimental Carp 


Period after in- 
jecting antigenProtein;/ | Albumin 
days __ mae 


Autumn carp 


Globulins 


23 20 

22 24 

26 27 
Not determined 
Not determined 
Not determined 


injections of HS 


6 |; 49 
20 7 


a: a 
29 | 22 | 


Spring carp Control 


8 6 
3,6 
3,3 


et Ba 
Not determined 
Not determined 


3 injections of HS 


14 
29 
14 
16 


ba = “ETT TP TERT, . 


Fig. 2. Electrophoretograms of carp 
serum proteins before (a and b) and 
after precipitation by half saturated 
ammonium sulfate (c and d) stained 
with bromphenol blue (a and c) and 
Sudan black (b and d), 


Staining the electrophoretogram of blood serum 
and supernatant liquid after precipitation by half satu- 
rated (NH4),SO,4 by the Swahn method shows that in 
carp (and also in trout and German carp) practically 
all the lipids of blood serum occur in the fraction which 
migrates in the electric field along with the o4-globulin 
(Fig. 2). The color of the electrophoretogram at the 
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27 27 
38 16 
26 20 
27 


a || Ss 
3 | | 


47 


TABLE 2, Content (in %) of Liver Pro- 
teins Extracted by Salt Solution in 
Spring Carp 


Period Fraction 
after 


injecting i | ! 
antigen__! a 

Control 

16 32 32 | 


15 27 33 
14 34 35 
3 injections of HS 
141 25 38 
12 27 45 
8 35 40 
17 31 40 


t 
5 injections of SE 


4 | 4 | 291 40 | 20 
10 | 44 | 29 | 39 | 2t 


point of deposit of the sample taken after precipitation 

by (NH4)gSOq and separation from the supernatant liquid 
by prolonged dialysis against distilled water is evidently 
produced by partly denatured proteins. 


The LP electrophoretogram,as shown in Fig. 2, 
can be obtained also after precipitation of the protein 
in the supernatant liquid according to Macheboeuf at 
pH 3.9 followed by solution in a veronal buffer, pH 8.6. 





Fig. 3, Electrophoretograms of carp liver proteins ex- 
tracted with salt solution according to Kaplanskii: a) 
control; b) after immunization with horse serum. Stain, 
bromphenol blue. 


After multiple injections of HS there occurs in the with the albumin and o4-globulin(perhaps due to in- 
serum of experimental carp a definite change in the creased LP content in these fractions), and some de- 
ratio between the different protein fractions (Table 1) crease in the fraction of 8-globulins. The slowest 
and a no less distinct change in the relative content of fraction, which could correspond to the y-globulin 
liver proteins soluble in salt solution (Table 2 and Fig. fraction of Drihlon, remains unchanged. The fastest 
3). There is a clear increase in the blood serum of the fraction, IV in rat livers (Table 2) is immunologically 
content of protein which migrates in the electric field indistinguishable from serum albumin [17]. The clearly 


TABLE 3, Direct Determination of the Acid-Alkali Ratio in 
Blood Serum of Control and Experimental Carp, Figures in 
parentheses, amount of Cl~ bound in acid medium 


Chloride 


» mg equi f 
fo |equiv/liter }mole, },; medium, mg 
days protein 2B fequiv/liter 


Autumn carp 


10 injections HS 


4 105 
14 95 (29) 
30 103 (24) 


Spring carp Control 


+ 4100 (90) 
71 (27) 
87 (29) 


3 injections HS 
88 (28) 52 
114 (36) 77 
108 (54) 116 
90 (26) 56 


5 injections SE 
92 (26) 52 
98 (38) 90 
, 90 (37) 85 





increased fraction II in carp after injection of a foreign ratio [18] with a slowly changing conductivity as com- 
protein is comparable (Table 2) in its mobility with pared to free HCl, The section of the conductometric 
the fraction of 8-globulins of blood serum. Immuno- curve in which the titration of chloride ends indicates 
logically, however, this fraction is not identical with the ability of the serum protein (chiefly the albumin) 
the 6-globulin fraction [17]. to bind O1~. This value in the control carp, calculated 
TABLE 4. Cement Of Decibind eal Rls per mole of albumin, is 40-60 equiv, and in the ex- 
perimental carp it reaches 116 equiv/mole, after in- 
jection of HS, and 90 equiv/mole after injection of SE. 
Damage to some metabolic reaction in the carp which 
Period Residual | Amino nitrogen received foreign protein is indicated by arise in content 
after =| nitrogen | of residual and amino nitrogen in the blood serum 
on 5 | 1 |total tesidual (Table 4) and, in the spring carp, by a rise in the amount 
days S ie poe. of substances titratable in alkaline medium (Table 3). 
Uzbekov [19] designates as residual amino nitrogen 
the amino nitrogen of substances which are not precipi- 
tated by protein precipitants. This nitrogen probably 
3 injections HS corresponds to the basic amino nitrogen of the amino 
26,5) 5 acids and short polypeptides. The amount of residual 
97,5) 409} 26,1 amino nitrogen in blood serum of experimental carp 
ae 270 te 5,6 increases somewhat later, and,in the liver, earlier, and 
in the latter case more quickly rises to the norm. The 
5 injections SE dynamics of the content of residual nonprotein nitrogen 
4 170,0)315] 28,3) : are analogous.(Table 4). 
10 | 56,0) 429] 15,2 ¢ Evidence for the reaction of carp to the injection 
18 =| 40,5) 162] 25,8] 6, of foreign proteins is the change which we observed in 
The fact that injection of foreign protein is not content of ATP and in later stages, to a lesser extent, 
indifferent for carp is indicated by the increased content also in lipids (Table 5). 
of chloride in the blood serum and especially by the After injection of the foreign protein there was a 
increased ability of serum albumin in the carp treated clear decrease in Pinorg content in blood serum and 
with foreign protein to bind Cl” from acid medium. alscin liver, and also a decrease in ATP content. We 
The serum albumin-bound hydrochloric acid, obtained observed an increase in DNA content in the liver of 
from sodium chloride by elution of the serum from a experimental carp which could be due only to an in- 
phenolsulfonate cationite in the hydrogen form, is titrated crease in content of nuclear elements. Probably there 
by the direct method for determining the acid-alkali is an accumulation of blood in the liver or an infiltra- 


Nitrogen in Serum (S) and Liver (L) of 
Spring Carp, in mg% 


Control 
(37 [471] 49,5]. 4,2]. 752 


TABLE 5. Content of Phosphorus Compounds in Blood Serum (S) and in Liver 
(L) (in mg% of fresh tissue) and Activity of Phosphatase in Liver of Control 
and Experimental Spring Carp 


Phosphatase 
injection of PinorgS ATP.L P-ATP | Plipid activity (in 


t 
antigen,day Bodansky units) 


7s..143 s | ee te 8 a acid lalkaline 


Control 
37 ,5|31,5 


24 ,9/23,5| 44 

21,0 53 

20 ,0/52 ,0} 144 
! 


3 injections of HS 
13,0/25 

3} 17 ,5)20 

31 9,0]40 
100/38 69,5 


5 injections of SE 


14,0]64 | 132 91,01 23;0 120 
16,0 125 67,0} 25,0 650 16 
7,0} L07 17,5| 40,0 620 17 





tion of the organ with small cells, and not a change in the 
parenchyma of the liver itself.Without a parallel histological 
analysis a final solution of this problem is not possible 

As in the rat liver [22] the activity of acid phos- 
phatase in the carp is higher than the activity of the al- 
kaline phosphatase, No change was found in the activity 
of these in the experimental individuals as compared to 


the controls. The increased content of PL in the blood 
serum also reflects the same change in the liver and 
can be detected by determination of the lipid content 
by their fatty acids (Table 6). 

The results of serological study of blood serum of 
control and experimental carp in an experiment of 
long complement fixation are given in Table 7. 


TABLE 6, Lipic Content (from Fatty Acids) and Cholesterol 
in Blood Serum of Control and Experimental Spring Carp 


Period after | Fatt 
injection of 
antigen,day 


acetone - 


total 
eaheemencons soluble 


Control 
19,0 


12,0 


acids of lipids, mg equiv /liter | Total 


lacetone ~ cholesterol, 
_— | mg 


8,0 
16,0 


4 
«‘t 


8 


3 injections of HS 


15,0 


23,0 
9,0 


14,0 


39,0 
44,0 


5 injections of SE 


35,0 
23,0 
32,0 


10 


18 10,5 


224 
160 
186 


TABLE 7, Results of Study of Carp Serum in Experiments of Long Complement Fixation 


at 0° 


Number of HS injections |Dilution | Normal 
and period of taking blood, of fish comple 
in days serum 


Control (fish |General 
serum with a lestimation 


mente jo oe ale reaction 


HS 1:100 and | 
ment in dose 


“45 


Autumn carp 


: 40 
: 90 
: 100 
240 
: 50 
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:10 
: 20 
‘50 
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Spring carp 


J~-L. 


: 10 
: 40 
: 160 
: 80 
: 160 
: 320 
: 160 
: 320 
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: 10 
: 40 
: 160 
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Control serum of intact 
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+complement) 
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Each of the dilute samples of fish serum was studied 
at three different complement concentrations (1, 1.5, 
and 2 doses of complement). On the basis of these three 
parallel studies we evaluated the reaction . According 
to the generally accepted system, the maximum reaction 
intensity, which in this case corresponds toa high anti- 
body content, is denoted by four plus (complete  pre- 
vention of hemolysis ++++), a doubtful result is indi- 
cated by +, a negative one by a minus sign-. Inter- 
mediate degrees of intensity of serological reaction 
are indicated by one, two, or three plus signs. 

Binding of the complement against horse serum was 
not observed in even one of the seven samples of carp 
blood taken at different periods after immunization. 

We can assume that the prevention of hemolysis ob- 
served in some of the tubes in the experiments with 
spring carp depended not on the presence of fixation of 
the complement by “anti-horse serum" antibodies, but 

on nonspecific adsorption of the complement. This is 
also indicated by the prevention of hemolysis in a number 
of control tubes which do not contain horse serum anti- 
gen. 

These samples of serum from the spring carp were 
studied in precipitation experiments . A precipitation 
ring appeared in experiments with all samples of serum 
of immunized carp. However, this phenomenon was also 
nonspecific. The serum of control carp produced pre- 
cipitation of horse serum proteins. This fact again con- 
firms the previous suggestion of the unsuitability of 
phenomena of precipitation, agglutination, and cytolysis 
to show immunological reactions in lower vertebrates 
and invertebrates [23], since in the blood and hemolymph 
of the latter there are very often substances which cause 
precipitation of soluble proteins, agglutination of 
bacteria, or solution of foreign cells. 

The same negative data were also obtained in ex- 
periments on immunization of carp by SE. The serum 
of carp taken at different periods after repeated injection 
of foreign erthrocytes did not show hemolysis. 


SUMMARY 


Parenteral injection into the organism of carp of 
horse serum and sheep erythrocytes did notcause for- 
mation of specific antibodies and with unchanged total 
protein content in the blood serum did not lead to in- 
crease in the fraction of proteins which corresponds in 
mobility to the y-globulin of other animals. 

After injection of foreign protein in the carp serum 
there is a relative increase in content of fractions which 
migrate in the electric field with the albumin and a,- 
-globulin fractions (in all probability due to increased 
content of their lipoproteins), and a rise in the content 


of fraction II (of Kaplanskii) in liver proteins. Serum 
albumin in the experimental carp gains an increased 
ability to bind Cl” from acid solution. 


In the blood serum and liver of experimental carp 
there is an increase in content of residual nitrogen, 
total amino and residual amino nitrogen, and a decrease 
in ATP content. There is also an increase of lipids in- 
soluble in acetone. The DNA content in the liver in- 
creases. 
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Claude [1] demonstrated as early as 1946 that D- 
amino acid oxidase in liver cells was localized mainly 
in the mitochondria. Khesin [2] confirmed this obseirva- 
tion and showed that the specific activity of the mito- 
chondrial fraction was 4-5 times that of the whole homo- 
genate. No published data, however, could be found on 
the localization of D-amino acid oxidases in the cells 
of other tissues, particularly in the kidney, where very 
active D-amino acid oxidases are known to be present. 
We have also been unable to find any published data on 
the localization of L-amino acid oxidases in either liver 
or kidney cells. In view of the fact that a detailed survey 
of the intracellular localization of enzymes, concerned 
with amino acid metabolism, is presently being conducted 
in this laboratory [3], we thought it desirable to attempt 
to define the intracellular distribution of these enxymes 
in the kidney, and to isolate such enzymes in a purified 
state from some of the intracellular elements in similarity 
to the previously described [4] isolation from liver of the 
enzymes catalyzing amino acid synthesis from keto acids 
and ammonium salts, 


METHODS 


White rats, weighting 120-180 g, were used. The 
kidneys were excised immediately after killing the 
animals and were homogenized in all all-glass homo- 
genizer with cold 0.44 M sucrose in KCl-phosphate buffer. 
The suspensions were centrifuged in the cold at 800 rpm 
in order to bring down nuclei and debris, while mito- 
chondria were collected by centrifuging at 12,000 rpm. 
The fractionation thus yielded three fractions: the nuc- 
lear, mitochondrial, and supernatant, the latter containing 
microsomes and the hyaloplasm. The nuclear fraction 
was further purified according to Schneider et al. [5). 
Each fraction was assayed for L- and D-amino acid oxidase 
activity, using pure L- and DL- alanine as a substrate 
(final concentration, 0.05 M). The use of DL-alanine as 
a substrate for D-amino acid oxidase was necessitated by 
the nonavailability of pure D-alanine in sufficient 
amounts. It was established in control comparative ex- 
periments that the activity with D-alanine was higher 
(400-600 »: moles/g tissue) than with DL-alanine (280-400 
ul moles/g tissue). However, since the L-amino acid oxi- 
dase activity did not exceed 30 moles of N-NHs per g 


tissue, it was clear that, when DL-alanine was used as a 
substrate, the main activity assayed was D-amino acid 
oxidase. The DL-amino acid oxidase activity was assayed 
as ammonia produced after a 2-hour incubation at 38° and 
in the presence of 1/400 M arsenite, which was added in 
order to prevent secondary synthesis (amination of keto 
acids and glutamine synthesis). Incubation mixtures, 
complete with the exception of substrate, were used as 
controls, Ammonia was estimated according to Conway. 
The isolation of L- and D-amino acids from kidney mito- 
chondria was carried out after disruption by repeated 
thawing and freezing in a mixture of ice and salt. 


RESULTS 


The results dealing with the intracellular distribution 
of the L- and D-amino acid oxidases in the kidney are 
shown in Table 1. 


It will be seen from the table that the activity D- 

amino acid oxidase is concentrated mainly in the mito- 
chondria, where its activity was about twice that of the 
crude homogenate, and four to five times that of any one 
of the subcellular fractions. On the other hand, the L- 

amino acid oxidase was found to be uniformly distributed 
between all the subcellular fractions, its activity in the 
supernate being about the same as that in the mitochondrial 
fraction. 

The relative distribution of the two oxidases in 
various fractions is noteworthy. Inthe crude homogenate 
and in the mitochondrial fraction the relative ratio of D- 
to L-amino acid oxidase activity was 10:1; in the nuclear 
fraction it fell to 7:1, while in the supernate it was 3:1. 
Disruption of mitochondria had a highly destructive effect 
on D-amino acid oxidase activity, which fell from 26 
moles NHg-N /mg protein-N to 4.01 , moles~less than 
one sixth. 

On the other hand, L-amino acid oxidase suffered no 
inactivation during mitochondrial disruption; in most cases 
definite increase in activity was observed, the mean 
change being from 2.12 » moles NHg-N /mg protein -N to 
3.82 umoles. This increase in activity, coupled with the 
sharp decline in D-amino acid oxidase activity in the 
disrupted mitochondria, resulted in equal levels of activity 
of the two enzymes in this fraction. In order to elucidate 
the possible causes for this diverse response to freezing and 
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TABLE 1. Deamination of D- and L-Alanine by Various Subcellular Fractions of the 
Kidney. (In pmoles NHg-N /mg protein-N; 2-hour incubation at 38°) 


Homogenate | Nuclei Supernate 


L- DL- L- DL- 


alanine planine ane 


lais:| 1,62 
15,00 1,48 
12,60 . 22 
9,18 | 1,52 
16,80 1,01 
17,10 1,29 
9,06 4,42 
17480 3 
13,00 
16,31 
18,70 | 
18,90 | 
12,42 | 
18,20 
12,60 | 
12,62 
12,43 
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thawing of the two enzymes both activities were assayed 
again not only in the supernate after centrifuging the 
frozen-thawed mitochondria, but also in the pellet. The 
following results(in » moles NHg-N /mg protein-N) were 
obtained: 
L-amino acid oxidase 

0.91 

1.46 

0.81 

1.10 

1.08 


D-amino acid oxidase 
6.70 
9.11 
9.56 
8.30 
7.95 


As can be seen from the results, a considerable portion 
of both oxidase activities came down with the precipitate 
after centrifugation of the disrupted mitochondria. This 
could naturally be expected to lower the total activity of 
the mitochondrial fraction. However, the specific ac- 
tivities of both enzymes in the pellet protein were lower 
than those of the intact mitochondria. This circumstance 
suggested that the specific activities in the supernate 
should be higher than those of the intact mitochondria 
and, indeed, such was the case with the L-amino acid 
oxidase, But the D-amino acid oxidase specific activity 
in the supernatant was lower than that of the intact mito- 
chondria, and this indicated the necessity for another ap- 
proach. It may have been argued thatthe disruption of 
mitochondria may cause the removal frum the enzyme, 
or the destruction of the coenzyme of D-amino acid 
oxidase;-FAD. Should that be the case, the activity of 
the disrupted mitochondria should be restorable simply 
by the addition of a boiled liver or kidney extract, con- 
taining FAD. Such re-activation is always demonstrated 
with the purified D-amino acid oxidase from which the 
FAD has been split. However, the addition of a boiled 
kidney extract, alone or with DNP, failed to restore the 
activity of disrupted mitochondria. The remaining ex- 
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L- DL- - L- 
alanine steninatanine lanine lanine alanine 


| 10,68 | 
9,18 
9,70 
10,18 
11 ‘Ot 

| 


ntact mitochondria Disrupted mitochondria 


a DL- 


snowe 


22,50 
26 ,00 
13,00 
29,00 | 
19,00 
35,90 
95,17 
32,01 
26 ,60 
17,62 
32,07 
26 ,88 
31,84 


4,00 
6,04 
5,30 
6,80 
2,70 


: et 
5,20 
5,70 
3,89 
2! 90 
1,66 
1,91 
1,66 
3,70 
9,06 
9, "04 
1,62 


planation is that the repeated freezing and thawing of 

the mitochondria caused some changes in the enzyme 
protein itself which brought about a partial loss of activity. 
The latter assumption is now beingchecked experimentally. 
It appears that freezing and thawing of mitochondria 

has no effect on the protein of the L-amino acid oxidase 
complex. 

Attempts were now made to purify the L- and D-amino 
acid oxidases from disrupted mitochondria, using starch- 
block electrophoresis. 

Mitochondria isolated from 15 g of kidney tissues 
were suspended in 10-15 ml of sodium phosphate buffer at 
pH 7.4 and subjected to repeated freezing and thawing. 
The suspension was centrifuged for 15 min at 18,000 
rpm and the supernate (8-10 ml) was transferred to the 
starch block. Electrophoresis was carried out for 18-20 hr, 
with a current of 25-27 mA and potential difference of 
400 y , in phosphate buffer,pH 7.4. At the completion 
of the run the starch block (26 cm) was sectioned into 
either 13 or eight sections, which were extracted in- 
dividually with Ringer phosphate, All extracts were then 
assayed for protein according to Lowry [6] and for L- and 
D-amino acid oxidase activity. The results are shown in 
Tables 2 and 3. 

It will be seen from Table 2 that the end of the 
electrophoretic run D-amino acid oxidase activity was 
distributed throughout the starch block. However, the 
terminal fractions near the anode usually contained 
more activity than any other fractions. Thus, the two 
terminal sections nearest to the anode (fractions 1, 2) 
contained protein with a specific activity of 20 » moles 
NH3-N /mg, which was 10-30 times that of the initial 
extract. 


The distribution of the L-amino acid oxidase at the 
end of the electrophoretic run resembled that of the D- 
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amino acid oxidase inasmuch as the activity could be 
detected throughout the block, with the highest peak 
being concentrated in the vicinity of the anode (fractions 
2, 3, 4). However, a distinct feature here was the ap- 
pearance in some cases of a strong L-amino acid oxidase 
activity peak in the terminal sections near the cathode 
(fractions 12 and 13). This was more noticeable when 
the block was sectioned into eight sections instead of the 
usual 13 2-cm sections. In the majority of cases the 
activity in the first terminal section adjacent to the 
anode and in the two terminal sections adjacent to the 
cathode exceeded the value of 100 moles NH3-N per 
mg protein, while the central sections contained protein 
with a mean activity value of 20-30 » moles NHg-N /mg. 
The results with both D- and L-oxidase indicate that 
starch block electrophoresis could not provide a satis - 
factory method for the separation of the two enzymes into 
two separate peaks. The dual distribution of L-amino 
acid oxidase activity in the two terminal portions of the 
starch block suggests the presence of two enzymes, of 
which one travelled towards the anode, while the other 
either travels to the cathode by virtue of its charge, or 
(which is more likely) has almost no net charge and is 
transported by electroosmosis. These observations are in 
agreement with those of Green et al. [7],who succeeded 
in the separation of L-amino acid oxidase on the ultra- 
centrifuge intotwo fractions: one light and the other 
four times heavier. According to Green, the heavy com- 
ponent consists of aggregates of four single L-amino acid 
oxidase molecules, the latter being present in the lighter 
component. 

It was of interest from the point of view of further 
study to prepare some of the active fractions, obtained 
by electrophoresis, in the dry state, in which they could 
be stored for considerable time. Both L- and D-amino 
acid oxidase preparations eluted from the starch block 
sections containing highest activity were dialyzed and 
lyophilized. Further checks of the lyophilized prepara- 
tions showed that neither of the two enzymes lost any 
activity when storedin this state at 4° for at least six 
months. 


SUMMARY 


Kidney L-amino acid oxidase differs from the D- 
amino acid oxidase in that it is equally distributed 


among all the subcellular fractions of the kidney cell: 
nuclei, mitochondria, and supernatant. 

The specific activity of L-amino acid oxidase in an 
extract of disrupted mitochondria was found to be higher 
than in a similar extract of intact mitochondria. D-amino 
acid oxidase activity fell sharply when mitochondria 
were disrupted by repeated freezing and thawing. This 
loss of activity was shown to be due to causes other than 
the splitting or the destruction of the coenzyme. Electro- 
phoresis on a starch block of the extract of disrupted 
mitochondria resulted in a distribution of D-amino acid 
oxidase background activity throughout the block, but 
the peak of activity was concentrated in the terminal 
sections adjacent to the anode. Under the same conditions 
L-amino acid oxidase was found to distribute itself into 
two main peaks, one migrating towards the anode, the 
other towards the cathode. This observation suggests 
that L-amino acid oxidase consists of two components, a 
conclusion in support of that reported by Green and 
coworkers. 

Both L- and D- amino acid oxidase can by lyophilized 
without loss of activity and lyophilized preparations of 
both enzymes have now been stored at 4° and remained 
active for at least six months, 

I wish to express my thanks to Prof. S,Ya. Kaplanskii 
for the supervision of the work reported above. 
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The incorporation of labeled amino acids is at 
present one of the most widely used criteria for protein 
synthesis in the study of this process both in vivo and in 
vitro, including studies in cell-free systems. However, 
incorporation of radioactivity can, apparently, be due 
not only to actual protein neosynthesis, but is also a re- 
sult of an exchange reaction, that is, a substitution of 
amino acid residues in the protein molecule [1, 2). 

It is also known [3, 4] that in simple systems, pro- 
teins are capable of binding radioactive amino acids. 
This phenomenon must be taken into consideration 
particularly carefully when cell-free preparations are 
being used, since there, particularly,any conclusions about 
true protein synthesis must be treated with utmost caution 
{5}. In fact, in the study of labeled amino acid incorpo- 
ration into isolated cell nuclei [6-8], the blank values 
are extremely high and, in some cases approach those of 
the actual experiment. 

The mechanism of amino acid interaction with pro- 
teins is still not clear and is subject to considerable 
controversy [9-14]. 

In contrast to opinions that the process is a purely 
physical adsorption phenomenon, there are also theories 
that it reflects true protein synthesis, inherent in isolated 
protein molecules [14]. Although the latter theory is 
extremely doubtful, particularly as the phenomenon 
proceeds more actively at high temperatures (100-120°), 
it is quite possible that it is still closely related to the 
initial stages of protein biosynthesis. 

Investigations in this direction have revealed that 
the process of amino acid binding by proteins is intensi- 
fied at temperatures above denaturation point, and that 
it depends on the nature of the protein and of the amino 
acids which participate, in the reaction. Furthermore 
from the published data the process does not appear to 
show a proportional correlation with time. 

These observations indicate that the process cannot 
be a true enzymatic one,and that it is more likely to be 
a physico-chemical interaction between proteins and 
amino acids. 

It has occurred to us that the different intensities 
with which amino acids are bound by different protein 
preparations may be due to the presence of nonprotein 
groupings, particularly nucleic acids, within the protein 


preparations. The suggestion was in keeping with the 
known important role of nucleic acids and nucleoproteins 
in protein synthesis, Furthermore, in previous experi- 
ments, the binding of amino acids by protein preparations 
was not correlated with the presence in these preparations 
of nucleic acids which, apparently, can also bind amino 
acids [20, 21]. 

The present communication deals with the binding 
of labeled amino acids glycine, tyrosine, lysine and 
methionine, by various preparations of proteins and nu- 
cleoproteins, as well as by nucleic acids and by other 
biological polymers (starch and glycogen). 


METHODS 


The protein preparations used were: unfractionated 
proteins of rat serum and egg white, histone obtained by 
extraction with 0.5 M HCl, of DNP * from calf thymus 
and crystalline chymotrypsin prepared from beef pancreas. 
In some experiments commercial preparations of pro- 
tamine sulfate (from salmon sperm) and beef pancreatic 
ribonuclease were also used. DNP was extracted from 
calf thymus with 1 M NaCl after washing the minced 
tissue with 0.14 M NaCl; it was also prepared from cell 
nuclei isolated from rat liver, calf thymus or from rat 
sarcoma M,. 

Rat liver RNP and rabbit pancreas RNP were isolated 
from aqueous extracts-of the minced tissue at pH 8.0. 
The extracts were acidified to pH 6.0 with acetic 
acid, the precipitate formedwas rejected and the super- 
natant was adjusted to pH 4.0 with acetic acid; the re- 
sulting precipitate was collected and used. In some 
cases the globulin fraction and the acid protein of iso- 
lated rat liver nuclei[15] was used as RNP preparation. 

The nucleic acid used was obtained commercially 
from a variety of sources: sodium ribonucleate from 
the L.Ya. Karpov factory, free RNA from “Chinoin" 
(Hungary) and from "La Chema” (Czechoslovakia); high 
RNA and DNA polymers were also prepared from rat liver, 
and DNA from calf thymus, by a method developed in 
this laboratory [16]. The starch used was a domestic 
* The following abbreviations will be used: _DNA~de- 
soxyribinucleic acid; RNA~ ribonucleic acid; DNP-de- 
soxyribonucleoprotein; RNP~ribonucleoprotein; TCA— 
—trichloroacetic acid. 





commercial preparation and the glycogen was prepared 
from rabbit liver [17]. 

Reaction mixtures were incubated for 30 min at 38°, 
usually in phosphate buffer pH 7.4, in Warburg apparatus 
or in the thermostat. Reaction mixtures of a final volume 
of two ml contained usually about 10 mg of the prepara- 
tion investigated and the labeled amino acid with a 
total activity of 200,000-300,000 cpm. The experimental 
conditions were varied on a number of occasions, but 
it was invariably found that saturation with oxygen, 
aeration, or composition of the medium (distilled water, 
phosphate buffer or Robinson medium) had no effect on 
the final result. It was also found, as a result of time— 
activity studies, that the incubation time bore no direct 
relation to the degree of amino acid incorporation. 

At the end of each incubation the reaction mixtures 
were precipitated by the addition of 50% TCA, to a final 
concentration of 5-7% and two volumes of ethanol or 
acetone. The precipitated protein, nucleoprotein or nu- 
cleic acids were washed with 5% TCA, then 7-9 times 
with ethanol or with acetone, and air-dried. Radioactivity 
was estimated by counting the solid in a thin layer with 
an end-window counter Type B (10, 18]. The results 
were expressed as relative specific activity (RSA), either 
as cpm/g of the preparation relative to total cpm/re- 
action mixture, or as per cent bound radioactivity (amino 
acid) relative to that present in the reaction mixture. 

Where the stability of the bonds formed was in- 
vestigated, the preparations were redissolved in alkali 
(0.01 N NaOH), or were treated with ninhydrin at pH 2.3 
[7], reprecipitated and, after two washes, were dried with 
acetone and ether; radioactivity in samples thus treated 
was again estimated as above. 


RESULTS 


As mentioned above, when various preparations of 
proteins or nucleoproteins were incubated with labeled 
amino acids, the incorporation of label did not proceed 
linearly with time. 1n the majority of cases, but by no 
means in all cases, prolonged incubation resulted in a 
somewhat increased degree of incorporation, but no fast 
rule for such relation could be made. Incorporation 
was also considerable in the nonincubated controls, where 
values were not greatly different from those observed in 
the actual reaction mixtures. It is important to note 


that the absolute values for amino acid binding were 
subject to considerable scatter, but on all occassions nu- 
cleoproteins bound more label than proteins, while with 
nucleic acids the incorporation was the highest of all 
preparations. Starch and glycogen also bound a certain 
amount of amino acids, but the bond formed was less 
stable than in the case of the other compounds, 

The effect of repeated washing with 5% TCA and 
with acid ethanol on the binding of labeled tyrosine by 
RNA, starch and glycogen is shown in Table 1. 

Although the individual results were subject to con- 
siderable variation, it is obvious that, while starch and 
glycogen gradually lost their label with washing, the 
RNA retained the label present after the first wash. 

Presented below are the results of the binding of 
various labeled amino acids by some preparations of 
proteins, nucleoproteins and nucleic acids (the values 
are compared with that of serum protein, which was 
taken as unity): 

These results (values shown are means of 8-10 de- 
terminations) show that RNP and DNP retained and bound 
considerably higher amounts of labeled glycine, tyrosine 
and lysine than did the pure proteins which contained 
no nucleic acid goupings. Furthermore, the degree of 
binding increased with the nucleic acid content of the 
preparation. The binding of glycine and lysine by the 
two nucleic acid preparations, and the binding of tyrosine 
by DNA was 30-40 times more intensive than binding of 
these amino acids by proteins, and only in the case of 
tyrosine binding by RNA was the factor somewhat lower— 
—9.6. This more intensive uptake of tyrosine by DNA 
compared with its reaction with RNA was the only dif- 
ference observed between RNA and DNA in amino acid 
binding. 

A comparison of the various polymers within each 
individual group showed that with the exception of the 
serum proteins, the members of the groups, such as the 
proteins containing no nucleic acid residues, the nuc- 
leoproteins and the nucleic acids, showed comparable 
capacities for amino acid binding. 

Presented in Table 2 is a comparison of the binding 
capacity for labeled amino acids of native nuclear nu- 
cleproteins with that of artificially produced nucleo- 
proteins obtained by complexing RNA or DNA with 
several proteins of a basic nature. There is no established 


TABLE 1. The Binding of c*-tyrosine and S*-Methionine by Ribonucleic Acid, 
Starch, and Glycogen. All values as RSA: cpm/g preparation per cpm/2 ml of 


incubation mixture 


C4 -tyrosine 


ator! 
| 


| 


ix washes, 5 


do TCA |times 


unwashed) 


RNA 4,9 | 
Starch | 0,6 | 
Glycogen | — 


2,30 
0,26 
0,27 


1,9 
Lf 


0.38 0,18 


‘washed in 70% ethanol pH 4.5 


| 10 times times | 
| 


——— 
S*°- methionine 


|___washed anes 
bE 

7 | 5 TCA, (oh EH 

0 times 


'6 times 


1 
8 


’ 
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Preparation Cc 


Serum protein 

Rat liver RNP 
Pancreas RNP 

Liver and thymus DNP 
RNA 


DNA 


case for the binding of glycine and lysine by complexes 

of DNA with ribonuclease or chymotrypsin or by RNA 
complexes with protamine or with chymotrypsinogen, 
since the number of experiments carried out (from 1 to 4) 
was too low; it is, however,noteworthy that the high values 
for binding observed in these cases corresponded with a 
complex between a nucleic acid and proteins with which 
the nucleic acid is not usually combined, and where 
some proportion of the active groups of the nucleic acid 


TABLE 2. The Incorporation of Labeled Amino Acids by 
Native and Artificial Nucleoproteins. Mean values, 
RSA = (cpm/g preparation): (cpm per test [2 ml]) 


Preparation 


c™¥- tyrosine 


Nuclear DNP 

DNA - protamine 

DNA -chymotrypsinogen 
DNA-histone 

DNA -ribonuclease 

Rat liver nuclear RNP 
RNA- protamine 
RNA-chymotrypsin 


14-slycine C'-tyrosine C'-lysine 


1 1 

2,6 2,7 5 
4,0 ‘ 5,0 
6,2 8,0 
37,0 33,1 
34,2 35,0 


could be expected to remain free, The binding of amino 
acids by DNA in combination with protamine was es- 
sentially the same as by native DNP. 

The stability of the bonds formed during the incorpo- 
ration of amino acids is compared in Table 3. 

Proteins have been shown to retain the major portion 
of radioactivity when treated with alkali or with nin- 
hydrin (the two procedures produced the same result). 
Similar treatment of the nucleic acids resulted in the loss 
of the bulk of radioactivity. In the nucleoproteins the 
bulk of the radioactivity, comparable in intensity to that 
retained by the proteins, was also retained throughout 
the treatment. The results dealing with the extraction 
with hot TCA, which served to remove nucleic acids, 
indicate that the high radioactivity was associated with 
the protein moiety of the necleoproteins. 

It is of interest to note that the artificially combined 
nucleoproteins, of a composition alien to that of the 
native nucleoprotein, retained a relatively lower propor- 
tion of the label present before treatment, It should, 
however, be remembered that, since these complexes 
usually bound amino acids more intensively (Table 2), 
the absolute amount of radioactivity retained by them 
after treatment was in some cases the same as in the 
native material. In the case of nucleic acids the radio- 
activity retained after treatment, although representing 


TABLE 3. Retention of Radioactivity After Binding of Labeled Amino Acids by Proteins, 
Nucleoproteins and Nucleic Acids. (percent radioactivity remaining after treatment) 


Preparation 


Protein 

Rat liver nuclear DNP 
Rat sarcoma My nuclear DNP 
Calf thymus nuclear DNP 
DNA-protamine 
DNA-chymotrypsinogen 
DNA-ribonuclease 

Rat liver nuclear RNP 
RNA -protamine 

DNA 

RNA 


hot 
TCA |alkali or ninhydrin 


TCA jor nin- 
hydrin 
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only a small proportion of that originally held, was still 
higher in absolute amounts than that retained by proteins. 

The binding of amino acids by nucleic acids, and 
the effect of varying experimental conditions on this 
phenomenon, was further investigated. 

The variation of the composition of incubation 
medium showed very little effect on the binding of tyro- 
sine and glycine by RNA (‘fo total radioactivity bound), 
and only in strongly acid solutions was there any notice- 
able decrease in the degree of binding: 


Incubation medium c™-slycine cM -tyrosine 
expt Jexpt 2 xpt 1'expt 2 
Double-dist. H,O 3,7 a ae 
Phosphate buffer, pH 7.4 3,0 2,3 1,0 1, 
Robinson's medium 4.2 1.3 0, 

0:4 ; 


Nevertheless, the considerable binding activity of 
RNA in 0.1 N HCl, and particularly in 1 N HCl, indicates 
that the binding of amino acids by RNA can take place 
over a wide range of salt concentration and pH. The 
presence of salts (cations and anions) did not catalyze 
the reaction, but rather inhibited the binding slightly. 
The binding of glycine and of tyrosine in 1 N HCl was 
about one-fourth to one-fifth of the value in phosphate 
buffer. 

Attempts to demonstrate some time sequence of the 
binding reaction with labeled glycine showed that the 
value for binding was at maximum already at 15 min 
and failed to increase further in the subsequent incubation 
time up to two hours, The initial value (zero time), ob- 
tained with a mixture which was precipitated with TCA 
immediately after mixing the components, was also the 
same as at 15 min, thus showing that the binding process 
was very rapid, 

The binding of labeled glycine by RNA preparations 
of various origin was also tested. With two of the Na salts 
of RNA available, and with one sample of free RNA, the 
values obtained for glycine binding were virtually the 
same, notwithstanding the difference in solubilities of 
these preparations in the incubation medium. Only one 
preparation (of Hungarian manufacture) showed a some- 
what lower binding ability, possibly because of a lower 
degree of purity. 

Determinations of the comparative degree of binding 
oy RNA of C**- labeled glycine and tyrosine, and of 
s*5 - methionine (in per cent of total radioactivity bound) 
showed the following: 


Amino acid 
14 : 
-glycine 
% 5 ~ Sty 


-methionine 
C'"-tyrosine 


Expt. No. 1 Expt. No. 2 
3,7 3,6 
2,3 1,5 


5 
1,2 150 


Glycine is thus bound most intensively by RNA, while 
methionine and tyrosine were bound in a decreasing order 
of intensity. 
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The following results were obtained by comparing 
the relative degree of binding of labeled glycine and 
tyrosine by different preparations of RNA and DNA (in 
per cent total radio activity). 


Polymer Amino acid 


RNA  C**-Tyrosine 1,6 
RNA Cii-Glycine 4, ’ 
DNA C We ts nny , 1,0 
DNA C*-Glycine : 1,2 


* Highly polymerized preparations of RNA and DNA 
were used. 


Expt. 1 Expt. 2 Expt. 3¢ Expt. 4* 
1,4 
3,7 


The DNA preparation used ("Chinoin", 70% pure) 
bound tyrosine somewhat more actively than it did gly- 
cine. Tyrosine binding by DNA was invariably higher 
than by RNA. The reverse held for glycine, It will also 
be noted that the highly-polymerized RNA and DNA pre- 
parations bound amino acids to approximately the same 
extent as the commercial preparations, 

The ability of RNA and DNA to bind amino acids was 
thus established, This binding was found to be scarcely 
affected by the pH of the reaction medium, by the pre- 
sence Ofsalts or by their absence (cf. reaction in doubly 
distilled water), and could proceed in highly acid medium 
(1 N HCl). The amino acids investigated— glycine, 
methionine and tyrosine~ also differed from each other 
in the degree of their binding by RNA. Although the 
degree of binding of any one amino acid varied to some 
extent from experiment to experiment, the actual ratio 
of the degree of binding of the amino was invariably the 
same. The binding of the various amino acid by DNA 
differed from that by RNA, 


In order to place the difference in the degree of 
binding of various amino acids by RNA on some quanti- 
tative basis, the phenomenon was investigated under 
conditions of an entire range of amino acid concentra- 
tion, and also with varying amounts of RNA in the re- 
action mixture. It should be remembered that in all 
previous experiments the amino acids were present only 
in trace amounts. The % binding of these amino acids 
by RNA remained constant, more or less, throughout; of 
the total label present, about 3% was bound in the case 
of glycine, while with tyrosine the value, which showed 
a somewhat higher degree of variation, rarely exceeded 
1.5%, 

In order to determine the maximal “capacity” of 
RNA to bind glycine, the labeled tracer was diluted with 
“cold” glycine and varying amounts of this were added 
to the incubation mixtures containing DNA. The re- 
sults are shown in Table 4, 

It will be seen from Table 4 that over a wide range 
of concentrations, the degree of glycine binding by RNA 
was proportional to the concentration of the former. 
The limit of this concentration effect was not reached 
when glycine reached saturation concentrations. Al- 
though the relative values ( percent bound) varied 





TABLE 4. 


The Effect of Glycine Concentration on Its Binding by RNA. 


Glycine concentration _ 
umoles | mg. 


0,125 | 
1,0 
10,0 
20,0 
100 ,0 
200 ,O 
500 ,0 
1000 ,0 
2000 ,0 
6000 ,0 


0,009 
0.075 


somewhat from experiment to experiment, there was 
no demonstrable effect of the amount of carrier present 
on these values, 

Similar experiments were also carried out with 
tyrosine. The latter was only investigated over a narrow 
concentration range because of its poor solubility. Within 
the range investigated the proportion of tyrosine present, 
which was bound by RNA was not affected by tyrosine 
concentration. 

It was thus not possible, under the conditions em- 
ployed, to find concentrations of amino acids sufficiently 
high to “saturate” the RNA in the amounts used. While 
in the case of tyrosine this may have been due to its 
low solubility and the consequent low limiting concentra- 
tions of this amino acid in the reaction mixture, this 
explanation could hardly apply to glycine which, be- 
cause of its high solubility, could be added to the re- 
action mixture in high concentrations. 

This circumstance raised certain doubts about the 
true nature of the binding of glycine by RNA, and this 
was checked in two ways, as follows: 1) the purity of 
the tracer was checked by chromatography and 2) the 
estimate cf the amount of glycine bound, obtained from 
the radioactivity values, was checked by a direct specific 
chemical method, It could be argued that some radio- 
activity, not identical with glycine, was bound by the 
RNA, and was therefore unaffected by the carrier glycine 
added, 

Chromatography of the tracer glycine in butanol— 
acetic acid solvent system revealed the presence of one 
only ninhydrin-reactive spot, corresponding in position 
to glycine. Scanning of the chromatograms revealed that 
the entire radioactivity was present in that position also. 
This suggested that the labeled glycine employed con- 
tained no other tracer impurities which may have been 
bound by the RNA and created an artefact suggesting 
the actual binding of glycine. This was also confirmed 
by the quantitative glycine determinations according to 
Alexander [19]. Control experiments showed that during 
distillation with ninhydrin the RNA preparation used did 
not liberate formaldehyde or any other substances in- 
terfering with the reaction with chromotrophic acid. 

The chemical analysis accounted for 83-86% of the gly- 


%o bound in expts. 


cine presumed bound from the determination of bound 
radioactivity. The bound radioactivity was therefore 

not an artefact, and was actually a measure of true binding 
of glycine. 

The effect of RNA concentration on the binding of 
tyrosine and glycine was also investigated. The amount 
of RNA present in the reaction mixture was varied, while 
the amount of labeled amino acid present was maintained 
constant. Althought the actual relative amount of radio- 
activity (and therefore amino acid) increased with in- 
creasing RNA concentration (Table 5 ), there was no 
proportional relation between the amount of RNA present 
and the proportion of glycine or tyrosine bound. 


TABLE 5. 
The Effect of RNA Concentration on Its 
Binding of Glycine and Tyrosine. 


RNA pres- 
ent, mg { 


‘ bound in expts. _ 
AEM ESF 
c!4- glycine 
5 1,6 ‘ 
10 3,2 
20 
30 


’ 
, 
’ 
’ 


ci -tyrosine 
.o - 0,6 
2,8 1,9 
5,6 — 231 
=e -. | 


$42 2,0 


DISCUSSION 


It follows from the present work that the binding of 
amino acids is not confined to proteins, since the pheno- 
menon occurred even more strongly with nucleoprotein 
and with nucleic acids. The binding of amino acids by 
starch and glycogen was not permanent and was probably 
due to physical adsorption. 

Treatment of nucleoprotein complexes with hot TCA 
showed that amino acids bound by these polymers were 
attached to the protein moiety. Treatment of the nucleo- 
protein-amino acid complex with either alkali or nin- 
hydrin failed to remove anything but a small proportion 
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of the bound label, thus proving that it was bound to the 
protein in the same way as it was shown to be bound after 
the incubation with protein alone. Nucleic acids bound 
30-40 times the label bound by the same weight of pro- 
tein, but the major proportion of the label could be re- 
moved by alkaline or ninhydrin treatment. 

Nucleic acids were thus found capable of binding 
large amounts of amino acids when present alone, while 
in combination with proteins the nucleic acid moiety en- 
hanced amino acid binding by the protein of the complex. 
The activation of amino acid binding by proteins upon 
addition of nucleic acids was also reported by Kritsman 
and Sukhareva [8]. It is possible that the ability to bind 
amino acids strongly is related to some role of the nu- 
cleic acids in protein synthesis, although it is not sug- 
gested that this is their exclusive role in this process. 

The wide variation of the values obtained with the 
same reaction mixture compositions in different ex- 
periments cannot be overlooked. The reasons for such 
variation are not clear, but it should be mentioned that 
it has been reported by other authors [12, 13] working 
with proteins, and that in biological systems radioactive 
label incorporation values generally vary through a series 
of experiments carried out under identical conditions, 

Our present results do not allow any firm conclusions 
about the exact nature of the bond formed between the 
amino acids and the proteins or nucleic acids, Measures 
sucy as ninhydrin treatment or re-solution in alkali 
followed by reprecipitation while being capable of re- 
moving the bulk of adsorbed radioactivity from RNA or 
DNA, caused only slight loss of activity bound by proteins. 
The type of treatment employed is capable of disrupting 
not only adsorption complexes, but also phosphate bonds 
and hydrogen bonds, Attempts to demonstrate hydroxamate 
formation under the conditions of our experiments, in the 
presence of amino acids, nucleic acids, and hydrexyla 
mine, were unsuccessful. The binding of amino acids 
by nucleic acids was, apparently, of some specific nature, 
and its mechanism remains obscure. 

Since all the present experiments were carried out 
with commercial samples of RNA and DNA, which were 
no longer in their native state and consisted of mixtures 
of polynucleotides in various states of polymerization, 
it was of interest to repeat some of the experiments 
with highly polymerized samples of nucleic acids, 

Highly polymerized RNA and DNA prepared from rat 
liver by extremely mild methods [16], were found to 
have nearly excatly the same ability to bind amino acids 
as did the commercial samples. This clearly indicated 
that the preservation of the native state of the nucleic 
acid, and the number of free terminal groups, were of 
little importance in the phenomenon studied. 

The high capacity of nucleic acids, proteins and, 
particularly, of nucleoproteins to bind amino acids 
suggests that to be a property related to biological sys- 
thesis of proteins, and thus deserves further detailed study. 
There are, however, no indications that the isolated 
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preparations in any way simulated the reactions of pro- 
tein synthesis. Such supposition is excluded by the ob- 
servations that various denatured protein preparations 
bound amino acids in approximately the same intensity, 
by the absence of a proportional relationship with incuba- 
tion time and by the complete absence of the slightest 
evidence for net synthesis of any kind of protein. 


SUMMARY 


Proteins, nucleoproteins, nucleic acids and some 
other biological polymers have been shown to have the 
ability to bind amino acids in aqueous solutions. 

RNA and DNA preparations have been shown to bind 
30-40 times, and RNP and DNP preparations, 3-8 times 
the amount of amino acids bound by an equal weight of 
protein. The protein moiety of natural nucleoproteins 
bound labeled amino acids as strongly as proteins alone. 
Nucleic acids were found to lose the bulk of bound labeled 
amino acids when reprecipitated from alkaline solutions 
or if treated with ninhydrin, Starch and glycogen could 
be made to part with all adsorbed amino acids by simple 
washing with TCA or with acid alcohol. 

The amount of amino acids bound by nucleic acids 
was found to be practically directly proportional to amino 
acid concentration and was not affected by salt con- 
centration or by variation in pH over a wide range. 

It appears that the nature of the bond formed between 
amino acids and proteins is different from that formed 
with nucleic acids, The nature of the phenomenon was 
discussed and it was suggested that, although it may bear 
relation to protein synthesis, it did not actually simulate 
that process, 
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In a previous communication [1] results of a study 
of in vitro regulation of two oxidaticn pathways— one 
associated with phosphorylation and one independent 
of phosphorylation— were presented, It was established 
that isolated pigeon liver mitochondria respond, by 
repeated shifts from one pathway to the other, to fluctua- 
tions in ATP content, i.e., the relationship of the two 
pathways is variable and can be regulated. 

The study of the variability in the relationship of 
these two pathways as it depends on factors acting in 
vivo and related to the condition of the animals is the 
subject of this communication, 


METHODS 


Oxidative phosphorylation of liver mitochondria 
was measured by a previously described method [1] at 
various times in the year using pigeons in different phy- 
siological conditions, The mitochondria, which had 
been isolated in 0.25M sucrose, were incubated 20 
minutes at 26° in air, The reaction mixture ( 2 ml) 
contained: potassium phosphate (pH 7.4), 40 1 moles; 
KCl, 100 p moles; glucose, 150 ft moles; hexokinase 
(fifth purification stage according to Berger et al. [2]) 
in amounts three times greater than those necessary for 
maximal phosphorylation rates; mitochondria from 
300-400 mg of liver in 0.25M sucrose; potassium suc- 
cinate (pH 7.4), 50 ,:moles; MgCl,, 10 up moles; AMP, 
3 up moles, 

In most experiments P/O ratios were measured 
immediately after isolation of mitochondria and also 
after preincubation of mitochondria in the absence of 


TABLE 1. Average Monthly P/O Ratios 


|number 7 
w expts. 


Month 


P/O 


Measurement, no PR* _ 


substrate, Mitochondria were preincubated on a shaker 
for 10-15 or 25-30 minutes at 26° in a solution con- 
taining the first five components of the reaction mixture. 


RESULTS 


In experiments from November, 1958, to April, 
1959, on the oxidationof succinic acid by pigeon liver 
mitochondria, significant variations in the P/O ratio 
were noted, These variations were sharply magnified 
in mitochondria which had been preincubated in the 
absence of substrate. The maximum difference in P/O 
ratios obtained with mitochondria which had not been 
preincubated was 0.6 (ratios from 1.1 to 1.7), while 
that obtained with mitochondria which had been pre- 
incubated 25 minutes was 1.6 (ratios from 0 to 1.6), 

As Table 1 shows (average monthly P/O ratios 
given), the probability that differences in P/O ratios are 
fortuitous is small where measurements were made with- 
out a preincubation, and where there was a preincuba- 
tion it is even smaller (p< 0,011). 

Dynamic changes in the P/O ratio for a single 
month are shown in Fig. 1. Results of all experiments 
in March are shown in the graph , and for comparison 
ratios obtained in February and April are also shown, 

In the majority of experiments, ratios were measured 
under three different conditions— without preincubation, 
after a short preincubation, and after a long preincubation, 
The March series of experiments is characterized by a 
shift to a nonphosphorylating oxidation pathway (NO), 

as shown by the reduction in P/O ratios, Figure 1 shows 
that the tendency to this shift is already evident at the 
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7 0,008 
10 <0,001 
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ability that the difference in the P/O ratio of a given month from that for the preced- 


ing month is fortuitous. 





end of February, and after a long preincubation (curve 
3) the reduction in P/O ratio at this time is pronounced, 
In the experiment of March 6, this reduction becomes 
clear with a short preincubation as well (curve 2). In 
the experiments of March 11, 12, and 13, the shift 
toward a nonphosphorylating oxidation pathway is clear 
even in the samples which have not been preincubated 
(curve 1). At this time the shift away from a phos- 
phorylating pathway is complete in those samples sub- 
jected to a long preincubation. After March 13, the 
ratios obtained under each of the three treatments begin 
to rise. It is obvious that in the March series of ex- 
periments changes in P/O ratios are most pronounced in 
samples preincubated for a long period. This pattern of 
change for one month (Fig. 1) is analogous to that for a 
period of months (Table 1), i.e., changes are most pro- 
nounced where there has been a preincubation in the ab- 
sence of substrate, 


In analyzing this phenomenon we investigated the 
effect on it of ATP, the content of which plays a sub- 
stantial role in the shift in oxidation pathways during 
preincubation [1, 3]. It was shown that the variability 
in the P/O ratio which is enhanced by preincubation is 
masked if ATP is present in the preincubation mixture, 

As shown in Table 2, a 25-minute preincubation 
period in the experiments of February 20 and 24 causes 
a shift toward a nonphosphorylating oxidation pathway, 
while the same treatment from January 20 to February 
13 has no such effect. The shift in P/O ratio with time 
of year escapes detection if there is no preincubation 
period or if preincubation is carried out in the presence 
of catalytic amounts of ATP (final concentration 2 
moles per sample), 

With preincubation in the presence of ATP, the P/O 
ratio is maintained at its original level, while in 


p/o 
15 


Q0 


“ 20h-13/2 20/2 


24/2 6/3 
Average 


TABLE 2, ATP as a Factor Preventing 
a Change in P/O Ratio with Preincubation 


P/O be- P/O after 


25 minutes 
fore pre- preincubation 
incuba- no 


tion ATP 


Date of 
expt. 


Jan 20-Feb 13 
Feb 20 
Feb 24 


the absence of ATP there was a complete uncoupling 
of oxidation and phosphorylation, as shown by Fig. 2. 
The uncoupling observed at about 90 minutes in the 
sample preincubated with ATP is due to utilization of 
the ATP by hexokinase present in the preincubation 
medium, since new additions of ATP can prevent un- 
coupling and maintain oxidative phosphorylation for a 
period of several hours. Such a prolonged preincubation 
period leads ultimately to a reduction in oxidation 
activity, but the residual oxidation is associated with an 
unchanged level of phosphorylation, or even, in some 
cases, with a somewhat higher level of phosphorylation, 
Figure 3 shows that preincubation of mitochondria 
without ATP is accompanied by a fall in the optical 
density of the suspension at 520 mp, which is an indi- 
cation of mitochondrial swelling. ATP impedes this 
fall markedly, the duration of its effect being proportional 
to its concentration inthe preincubation mixture, There- 
fore there is reason to suppose that in preventing swell- 


ing,ATP retards the shift to nonphosphorylating oxida- 
tions, 


DISCUSSION 


The data obtained on the periodic variability of the 
P/O ratio in isolated pigeon liver mitochondria may be 


MBN 2B i313 


Experimental data 


1713-234 
Average 


Fig. 1. Dynamics of the P/O ratio for March, 1) With- 
out preincubation; 2) after a short preincubation (11 
minutes); 3) after a long preincubation (25 minutes). 





regarded as an indication of a variability in the relative 
amounts of coupled and uncoupled oxidations in the 
organism. 

These changes in P/O ratios cannot be explained by 
procedural factors or by a fortuitous ordering of the 
data; they are the result of the action of certain factors 
related to the condition of the organism, An analysis 
of these factors and a study of the in vivo regulation of 
oxidation pathways requires further investigations, 
Seasonal factors might be considered as among the most 
probable causes of this variability. The shift to a phos- 
phorylating pathway at the beginning of the winter oc- 
curred at the time of the completion of fall moulting, 
and the shift to a nonphosphorylating pathway at the 
end of February corresponded with the beginning of the 
spring moulting. It is highly probable that external 
temperatures play a role, the more so since it has 
been recently shown that there is a change in the re- 
lative roles played by coupled and uncoupled oxida- 
tions which is associated with thermoregulated be- 
havior [4-6], 


25 59 15 
Preincubation time, min. 
Fig. 2, Inhibition of the uncoupling effect of 
preincubation by ATP, Dotted line preincubation 
without ATP, solid line— preincubation with ATP 
(2 wmoles per sample). 


Of interest is the fact that the variability of P/O 
ratio in dependence on the condition of the organism is 
manifested more clearly under conditions in which un- 
coupled oxidations are flavored than under those usually 
selected to study oxidative phosphorylation, As Beyer, 
Low, and Ernster [7] have noted, the methods of studyin 
oxidative phosphorylation are beingconstantly improved 
with a view to increasing the P/O ratio. The method of 
measuring the P/O ratio commonly employed at present 
favors coupled oxidations at the expense of uncoupled 
oxidations, Results obtained by this method therefore 
reflect to a greater degree the maximal capacity of a 
given oxidative system to carry out coupled oxidations 
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rather than the actual physiological relationship of the 
phosphorylating and nonphosphorylating pathways, It 

is sufficient to point out that several components of 
the reaction mixture used in experiments on oxidative 


208 
Preincubation time, min. 
Fig. 3. The stabilization of the optical density of 
a mitochondrial suspension by ATP, Dottedline— 
preincubation without ATP; solid lines— preincubation 
with ATP at: 1) 2 moles per sample; 2) 0.5 
mole per sample 


phosphorylation promote a shift from nonphosphory- 
lating pathways to phosphorylating pathways. Among 
these are magnesium ions, inorganic phosphorus and 
ADP (AMP) in excess, and the hexokinase— glucose 
system, which has a trapping function [8]. In adddition, 
ATP, which is also a stimulator of oxidative phosphory- 
lation [1, 3, 9, 10], is often introduced into the reaction 
mixture. With respect to substances which promote a 
shift from phosphorylating to nonphosphorylating path- 
ways, they are certainly not added to the reaction 
mixture, and,indeed,attempts are made to remove them 
from the reaction mixture if possible, For example, ver- 
sene removes calcium ions from the mitochondria. 
In the experiments described in this communication, we 
have excluded from the reaction medium and the iso- 
lation medium such promoters of oxidative phosphoryla- 
tion as versene and ATP; this has evidently facilitated 
the demonstration of a variability in P/O ratios. A still 
more radical means of demonstrating such variability 
was the preincubation of the mitochondria without sub- 
strate, It is well known that calcium ions, which acti- 
vate nonphosphorylating pathways, render changes in 
P/O ratios under the influence of thyroid and parathyroid 
hormones (experiments of Yang Fu-yu in our laboratory, 
studies of Ernster et al. [7], Dawson and Jones [15]) more 
pronounced, 

The method used for measuring P/O ratios should 
obviously be determined by the purpose of the study. If 





the purpose is to obtain the maximum P/Q ratio of which 
the given system is capable, then it is appropriate to use 
ordinary methods of measuring oxidative phosphorylation, 
these being methods which selectively activate phos- 
phorylating pathways. If, however, the purpose is to 
determine the actual physiological roles played by the 
two pathways, then it is desirable to employ activators 
ot nonphosphorylating pathways together with those of 
phosphorylating pathways, with which it is indeed im- 
possible to dispense, If additional activators of phos- 
phorylating pathways are introduced into a system which 
is already balanced with respect to activators of the two 
pathways, the equilibrium is shifted in the direction of 
phosphorylating pathways and the relative roles played 
by the two pathways are once more obscured. In our 
experiments this occurred when ATP was added to the 
preincubation medium. In the presence of this activator 
of phosphorylating pathways, preincubation was without 
effect in rendering manifest the variability of the P/O 
ratio, since it remained high regardless of the length of 
the preincubation period, 

The parallelism between the action of ATP in in- 
hibiting uncoupling and in inhibiting mitochondrial 
swelling once more indicates the interrelation of the ratio 
of phosphorylating to nonphosphorylating oxidations 
and mitochondrial structure [10-13], Here ATP is an 
energy donor for the maintenance of the phosphorylating 
structure, and it might be expected that not ATP as such, 
but the process of its breakdown, is the immediate cause 
of the shift to phosphorylating oxidation pathways. The 
presented hypothetical scheme illustrates the system 
under discussion. 

The activators of phosphorylative oxidation (PO) 
and the activators of nonphosphorylative oxidation (NO) 
are shown, and the mechanism of action of one of them 
(ATP) is illustrated, The role of ATP as an activator of 
phosphorylative oxidation resides in its function as a 


substrate of mitochondrial ATPase (an enzyme studied 
by Lehninger [14]), which converts mitochondria from 
the swollen condition to a shrunken condition, 

The shrinking of the mitochondria is accompanied 
by the emergence of a capacity for PO, i.e., for the 
formation of ATP in association with hydrogen transfer 
through the respiratory chain. This scheme illustrates 
the hypothesis that ATP is not only a product, but also 
a stimulator of phosphorylative oxidation, It is still un- 
clear which of the factors in the scheme are physiological 
regulators of oxidative pathways, but it is incontrovertible 
that they all affect P/O ratios in vitro. 

The P/O ratio in vitro is therefore determined by 
two groupsof factors~ regulators of phosphorylative and 
nonphosphorylative oxidation which act inside the 
organism and which determine the state of the isolated 
mitochondria, and regulators which act in vitro, such 
as the components of the isolation medium and the re- 
action medium (In our case these were ATP, magnesium, 
hexokinase), Preincubation was also a factor which 
made possible the demonstration of P/O variability. 


SUMMARY 


The periodic variability in the P/O ratio of pigeon 
liver mitochondria as it depends on the physiological 
condition of the organism was investigated, Such vari- 
ability was demonstrable if, in the measurement of P/O 
ratios,activators of nonphosphorylative oxidation (pre- 
incubation of mitochondria in the absence of substrate) 
were used as well as activators of phosphorylative oxida- 
tion. The effect of preincubation was not manifest if 
ATP was present, since this compound prevented the 
activation of nophosphorylative oxidation and in- 
hibited mitochondrial swelling during the preincubation 
period, 

We wish to thank Professor S.E, Severin for his valu- 
able suggestions and help during this study. 


Scheme of Regulation of the Two Oxidation Pathways in Vitro 
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Note. PO-phosphorylative oxidation; NO-non- 
phosphorylative oxidation; ~P— high-energy bond formed 
during oxidative phosphorylation. 
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It was assumed up to recent timesthat carbon dioxide 
represents the end-product in the process of living cell 
dissimilation, and represents a substance which is useless 
and even harmful for heterotrophic organisms. It was 
also assumed that the animal organism is unable to as- 
similate carbon dioxide and to use it for the synthesis 
of organic substances, 

However, as shown by recent investigations,such a 
point of view proved to be erroneous. By using new, 
more precise methods of investigation (chromatography, 
labeled atoms, etc.) it was demonstrated that all living 
organisms, from bacteria to man, possess the ability to 
assimilate carbon dioxide. The difference between the 
autotrophic and heterotrophic organisms is rather of 
quantitative than qualitative character [1,2]. At present 
there are sufficient publications in the literature which 
show the possibility of carbon dioxide assimilation by 
the tissue of various organs, its incorporation into protein, 
carbohydrates, fat, and other compounds. Such in- 
vestigations were conducted in vivo as well as in vitro, 
but mostly on mammals [8 - 14]. It would be of interest 
to follow up the process of absorption of inorganic 
carbon from the water by fish, its distribution in organs 
and tissues, as well as its incorporation in various organic 
compounds of the organism. 


METHODS 


Into an aquarium of 2,5 liter capacity with water 
there was added carbon-tagged sodium carbonate 
(NagC"40; ) in an amount which would produce an initial 
radioactivity of the water in the aquarium within the 


range of 1.6- 10° - 3.6-10° disintegrations per minute/ml. 


The fish (crucians and carp of 20 - 40 g weight) were 
kept in the radioactive medium for 24, 48, and 72 hr. 
During the experiment the fish were not fed. Air was 
not bubbledthroughthe solution, to avoid loss of radio- 
active carbon in the form of C0,. During the experi- 
ment, water from the aquarium was sampled for radio- 
activity determination; simultaneously, we determined 
the carbonates, bicarbonates, carbon dioxide and the pH 
of the medium [15]. After a certain lapse of time the 
fish were taken out of the aquarium, washed with tap 


water, weighed and dissected. Radioactivity determi- 
nations were made on organs and tissues (liver, brain, 
intestine, bone, kidney, blood, eyes, heart, spleen, 
muscle, skin, gills and bile). The blood was taken from 
the heart by means of Roux's sterile micropipette. The 
excised organs were rinsed from blood by tap water, 
dried, ground to a powder, and defatted. Dry batches 
of 2 to 10 mg were examined on a B-2 mounting with 
an end-window counter. The proteins from the homo- 
genate of muscle, liver and intestine were precipitated 
by 5% trichloroacetic acid (4 volumes of trichloroacetic 
acid per gram of raw tissue defatted),and brought to 
constant weight. The dry protein batches were tested 
for radioactivity. The glycogen from the liver and 
muscles was precipitated from trichloroacetic acid by 
alcohol [16]. The fat was extracted in a Soxhlet ap- 
paratus. The radioactivity of organs, tissues, proteins, 
glycogen, and fat were expressed as the amount of 
disintegrations per minute, per gram of dry weight. The 
amino acids of the extracts, freed from the trichloro- 
acetic acid by means of an aqueous solution of ethyl 
ether, were determined chromatographically according 
to Bode [17]. Then, the radioactivity of the spots was 
determined by means of an end-window counter [18]. 
The serum proteins of the fish were separated into 
fractions by means of paper electrophoresis [19]. The 
staining of the strips and the removal of the color was 
conducted according to the directions of Juncks, Jetton, 
and Durrum [20]. The quantitative studyof the electro- 
phoregrams was conducted by elution with a subsequent 
colorimetric analysis of the eluate. Simultaneously, 
determinations were made of the radioactivity of the 
separate protein fractions on paper and in the eluate. 


RESULTS 


Changes in Radioactivity of the Medium and the 


Distribution of C™ in the Organs and Tissues of Fish. A 
sharp decline in the radioactivity of the water is already 


taking place during the first hours of the fish remaining 

in the aquarium containing Na, C40, (Table 1). 
Within 28 hours the radioactivity of the water has 

decreased almost five times, but during the second and 





TABLE 1, Changes in the Radioactivity of Water 
and its Bicarbonate and CO, Content in Experi- 
ments with Carp 


| 
Radioactivitygicar- 
ibonates, 


img /liter 


Time, Free COp, 


mg/liter 


bf medium 


hr idesint 
ae 
water 


Prior to 
exp’ 1600000 


118.50 
1400000 116,00 3,40 
1220000 
SUQO00 
383000 


| 117,00 
| 300000 


3,70 6,8 
3,80 
3,99 
4,19 


6,8 





| 
7.0% | 
“80000 | 19,5 | 
270000 | 120,75 6,6 

third days the level of radioactivity has remained al- 
most constant. If one assumes that the decline of C™ 
in the water is related mainly to the deposition of the 
isotope in the fish organism, it would mean that in 24 
hours a carp of 20-30 g body weight absorbs, on the 
average ,70% of the initial radioactivity, and a crucian 
absorbs 60% of same. Within 48 and 72 hours, there 
were deposited in the body of the carp 80 and 83% resp. 
of radioactivity, and in a crucian 74 and 70% resp. of 
same. Some portion of the radioactive isotope has been 
unquestionably used up by bacteria, as well as lost from 
the solution into the air in the form of c%.,. However, 
in control experiments (when there were no fish in the 
aquarium) we were unable to establish any marked de- 


crease in radioactivity. 
These experiments gave some reason to assume that 


fishes are able to absorb from the surrounding media 
large quantities of inorganic carbon, The latter would 
undoubtedly enter in the fish organism into complex ex- 
change processes. This assumption was quite conclusively 
confirmed in our subsequent investigations. 

A considerable amount of C! was found in all of 
the analyzed organs and tissues of fish. The radioactivity 
in the body of fish increases with the time of their stay 
in the radioactive medium, as well as with the isotope 
content of the medium (Tables 2 and 3). The highest 
radioactivity was found in the blood serum, liver, in- 
testine, bone, kidney, brain tissue, eyes, gills, and 
heart; of lesser activity are the muscles, skin, bile, and 
red blood cells. 

The Radioactivity of Proteins, Glycogen and Fat, 
The experiments on the rate of C! penetration into 
proteins, glycogen and fat of the liver, muscles and in- 
testine were conducted on carp at minimum radioactivity 
of the medium (Table 4). It was established that during 
the first day of exposure the oo penetrates foremost into 
the liver proteins (1055 disint /min per-mg of dry protein), 
less into the glycogen (800 disint /min per mg of gly- 
cogen) and fat (870disint /min per mg of fat). But the 
picture undergoes a drastic change during the second 
and third days of exposure. On the third day the radio- 
activity of the liver proteins has increased three times, 
of glycogen, eight times, and of fat, over two and one 
half times. 
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TABLE 2. Distribution of C“ in the Organs and Tissues 
of Crucians (disint/min per mg of dry weight).Radio- 
activity of the medium 3.5 + 10° disint/min per ml. 


24 hrs 48 hrs 


10000 
9480 
9380 
5500 
9350 
8520 

185000 
660 
9320 
5300 
6440 
5880 
4500 
2000 
2000 


Liver 

Brain 
Intestine 
Bone 
Kidneys 
Blood 

Blood serum* 
Red blood cells 
Eyes 

Gills 

Heart 

Spleen 

Bile 

Muscles 

Skin 


13200 
13140 
12030 
11040 
11230 
12030 
| 320000 
750 
10057 
10050 
10030 
9475 
5370 
2230 
2340 


*The serum radioactivity ( disint/min) is calculated 
per 0.1 ml. 


TABLE 3. Distribution of cM in the Organs and Tissues 


of Carp (disint/min per mg of dry weight) Radioactivity 


of the medium 1.6 + 10° disint/min per ml 


Liver 

Brain 
Intestine 
Bone 

Kidneys 
Blood 

Blood serum? 
Red blood cells 
Eyes 

Gills 

Heart 

Spleen 

Bile 

Muscles 

Skin 

Scales 


t The serum radioactivity (disint/min) is calculated 
per 0.1 ml. 





TABLE 4, Distribution of c¥ in Proteins,Glycogen and Fat of the Liver, Muscles and 
Intestine of Carp (desint/min mg of dry weight), Radioactivity of the medium 


1 6 - 10° disint/min per ml 


24 hr. 


Protein 1055 
Glycogen 800 
Fat 870 


The picture of c* penetration into the proteins, 
glycogen and fat of the muscles is somewhat different. 
At the end of the first day of exposure the radioactivity 
of the muscle proteins constitutes only 87 disint /min 
per mg of dry weight, of glycogen, 640, of fat, 192 
disint /min per mg of dry weight. In the course of two 
days the radioactivity of muscle proteins increases five 
times, of glycogen, 20 times (16200 disint /min per mg), 
of fat, one and one half times. During the third day of 
exposure the radioactivity of the proteins and fat con- 
tinue to increase, while the radioactivity of the muscle 
glycogen drops slightly, while remaining still high 
(12880 disint /min per mg), being twice as high as the 
radioactivity of liver glycogen. 

We were unable to isolate glycogen from the in- 
testine. The radioactivity of the proteins and fat was 


comparatively small while increasing with the time the 
fish stayed in the radioactive medium. This may pre- 


sumably be explained by the fact that during the second 
and third days of fasting, the synthesis of glycogen in the 
muscles of fish predominates over the synthesis of gly- 
cogen in the liver. On the other hand, it is known that 
the breakdown of glycogen in the liver proceeds at a 
pace which is several times more intensive than in the 
muscles, 

Incorporation of c™ into Some Amino Acids,t Some 
amino acids from liver, muscle, and intestine extracts 
of the experimental fish possessed radioactivity (Table 
5). The highest radioactivity was exhibited by glycine, 
cystine, leucine, valine, lysine, and by glutamic and 
aspartic acids of the liver. The highest radioactivity was 
possessed by the cystine of the muscles and intestine, the 
tryosine and arginine of the liver, and the lysine of the 
intestine. Histidine and triptophane exhibited no radio- 
activity at all; the activity of &-alaine was insignificant 
in all of the extracts under study. 

Incorporation of C™ into the Protein Fractions of 
Blood Serum, Preliminary investigations disclosed that 
blood serum posesses a high degree of radioactivity 
(see Tables 2 and 3), Towards the end of the first day 
exposure to radioactive water, the radioactivity of 0.1 
ml of carp’s blood serum constitutes 14,8 thousand 
disint/min; during the second and third days, 18.2 and 
18.4 thousands disint /min, A study of the electrophoro- 
gram of the serum proteins showed that the highest radio- 
activity is possessed by the alpha-and beta-globulins and 


1520 280 400 


439 913 
16120 _ 


3440 640 
6480 | 12880 
2400 400 560 


1160 


the albumins. The radioactivity of the gamma-globulins 
(disint /min/per g of serum protein) is insignificant . 


: Duration of expt., hrs 
Protein 


fracticn 





1- globulins Bkg.| 140 | 200 
8- globulins 12 560 | 920 
a- globulins 160 600 | 1280 
Albumins 120 480 760 


DISCUSSION 


On the basis of our experimental results one can 
state definitely that fishes are assimilating carbon from 
mineral compounds dissolved in water. The absorption 
of C is here increasing with the length of exposure to 
the radioactive medium and with the concentration of 
the isotope therein. 

The absorbed C! accumulates in substantial quantities 
in the blood serum, liver, bones, scales, brain, intestines, 
and kidneys, and in lesser quantities in bile and muscles, 
The fact that C! is present in the carbohydrates, proteins 
and fat is an indication that the carbon absorbed by fish 
from the surrounding media is taking an active part in 
the metabolism of the organism, and, after transformations 
have taken place, it is being converted into organic 
compounds, 

In our observations on chromatograms we were able 
to establish the radioactivity of the spots of certain amino 
acids, which were isolated from liver, muscle, and in- 
testinal extracts. If this phenomenon is not to be con- 
sidered as being an artefact and that the labeled carbon 
which has been fixed in the chromatograms belongs to 
the amino acids and not to theaccompanying impurities, 
it could aid in the study of the biological synthesis of 


+ While radioactivity of amino acid spots in chroma- 


tograms does not represent an absolute proof of the incor - 
poration of a labeled element in the respective amino 
acid (see Discussion), it nevertheless warrants such an 
interpretation as most probable, Therefore, we allowed 
ourselves to use the terms “incorporation of c™ into 
amino acids" and “radioactivity of amino acids" in re- 
lation to the radioactivity of amino acid spots in chro- 
matograms, 





some of the so-called “indispensable” amino acids in 
the animal organism. In our experiments the following 
amino acids were found to be radioactive: 

Dispensable: Cystine (liver, muscles, intestines), 
aspartic acid (liver), glycine (liver, muscles, intestines), 
glutamic acid (liver, intestines), alpha - alanine (not 
always, liver, muscles, intestine), tyrosin (liver). 
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A80 
( 


intestine 
48 hrs |72 hrs" 


Indispensable: Lysine (liver, intestine), arginine 
(liver), valine (liver, intestine), leucine (liver, intestine), 

The problem is undoubtedly of interest and is to be 
taken up in further investigations. 


| 
72 hrs | 
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| 
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SUMMARY 
Fishes are capable of absorbing carbon from mineral 


compounds disolved in water. Radioactive carbon, ab- 
sorbed by fish from the surrounding media, appears in 
large quantities in blood serum, liver, bones, intestines, 
brain, scales, eyes and kidneys, and in lesser ,quantities 
in muscles, bile, and red blood cells. The inorganic 
carbon, having entered the fish organism, participates 
in the metabolism, and is converted from mineral into 
organic carbon-containing compounds, in particular 
into carbohydrates, proteins, and certain amino acids. 
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Hemorrhage is one ofthe symptoms of radiation 
sickness, On the basis of literature data [1, 2, et al.] 
it can be assumed that one of the chief causes of the 
development of a hemorrhagic effect is the destruction 
of strength of the blood vessel walls. 

At the presenttime there is experimental evidence 
that in hemorrhagic diathesis in the organism, especially 
in the vessel walls,there is destruction of the metabolism 
of the intercellular substance of connective tissue [8-5]. 
Ascorbic acid (AA) is of great value in preserving the 
stability of intercellular substance [8, 5]. In some 
cases under conditions of radiation injury there has been 
observed a considerable decrease in AA content in blood 
and tissues, especially in the adrenals, and also in muscles, 
kidney, liver, testes, stomach, small. and large intestines, 
However, it should be remarked that the injection of AA 
in irradiated animals does not decrease the development 
of the hemorrhagic effect i" them [6]. 

In order to study the mechanism of destruction of 
strength in the vessel walls in acute radiation sickness 
we carried out determination of the content of free AA 
and the product of its reversible oxidation, dehydroascorbic 
acid (DAA), in the tissues of the vessels of animals which 
synthesize AA (rabbits) and of those which do not (guinea 
pigs). As the object of study we used tissues of the aorta 
(removal of smaller vessels for biochemical study was 
not possible), 

METHODS 


The experiments were carried out on male rabbits 
weighting 2.0-2.5 kg and on male guinea pigs weighing 
200-250 g. Up to the time of the experiment the animals 
were kept on the constant diet of the animal house, which 
for rabbits was hay, oats, and cabbage, and for guinea 
pigs, hay, oats, and carrots, Acute radiation sickness was 
produced by a single external irradiation with the y-rays 
of Co™ (strength of dose 500 r/min) in a dose of 1000 r 
for rabbits and 800 r,guinea pigs. The rabbits were killed 
by air embolism, the guinea pigs by decapitation, For 
16 hours before death the animals received no food, The 
aorta was removed from the body of the animal , and 
freed from surrounding tissues and blood; AA and DAA 
were determined in it by the method of Yarusova [11]. 

The concentration of AA and DAA in the aorta tissues 
was determined in rabbits 1, 3, 6, and 24 hours, 3 and 5 
days after irradiation; in guinea pigs, after 1, 3, and 5 


356 


days, At the doses of ionizing radiation used, death of 
the animals occurred 5-7 days after the irradiation, Thus, 
the investigation within this period was carried out during 
the appearance of the acute form of radiation sickness, 
For the determination of AA and DAA in each ex- 
periment we used 400 mg of aorta tissue, obtained from 
one rabbit or five guinea pigs, and we calculated the 
concentrations (in mg”) on net weight of tissue. 


RESULTS 


In Fig. 1 we give the experimental data which 
characterize the changes in total concentration of AA 
and DAA, and also these substances separately, in aorta 
tissues of rabbits during development of acute radiation 
sickness, We can see that even an hour after irradiation 
there develops a tendency to decrease in total amount 
of AA and DAA, and this follows from some decrease in 
content of both AA and DAA, Three hours after irradia- 
tion, both the total content of AA and DAA and the con- 
centrations of AA and DAA separately had again reached 
the normal values, Later, beginning at six hours after 
irradiation,the total amount of AA and DAA showed a 
tendency to increase (with a maximum at24 hours), 
However, this occured only because of a rise in concen- 
tration of AA, with a relatively stable level for the DAA 
content, During the rest of the time (3 and 5 days after 
irradiation there was a clear decrease in AA concentra- 


hours 


Time after irradiation 


Fig. 1. Content of ascorbic acid (AA) and dehydroascorbic 
acid (DAA) (in mg%) in aorta tissues of rabbits in acute 
radiation Sickness 1) AA + DAA; 2) AA; 3) DAA, Dots 
show variation from average; arrow indicates moment of 
irradiation. 





tion while the DAA concentration ) during this time re- 
amined approximately at the normal level: Thetotal 
content of AA and DAA fell, 

For the guinea pigs we have given the results only 
at the end of the first day after the action of ionizing 
radiation, However, these results indicate a considerable 
difference in the separate reactions of the guinea pig as 
compared to the rabbit (Fig. 2). 


mg 
4 


Time after irradiation, days 


Fig. 2. Content of ascorbic acid (AA) 
and dehydroascorbic acid (DAA) (in 
mg”) in aorta tissues of guinea pig in 
acute radiation sickness Designations 
the same as in Fig. 1. 


Under our conditions the total content of the AA 
and DAA in aorta tissues of the normal guinea pig was 
considerably less than in the rabbit. A day after the 
irradiation, both the total content of AA and DAA, and the 
AA and DAA separately were maintained within normal 
limits in the guinea pig. On the third day after irradiation 
the total concentration of AA and DAA was also normal 
but there was a sharp, contradictory change inthe separate 
contents of AA and DAA: the amount of AA fell andthe 
DAA rose, On the fifth day the total content of AA and 
DAA also fell, following upon the fall at this time 
of the DAA concentration, with small further decrease in 
AA concentration, 

The very obvious difference in metabolic change for 
AA in the aorta tissues of rabbits and guinea pigs appears 
in the values for the ratio of amount of DAA and amount 
of AA (Table). This ratio, in particular, is evidence of 
the direction of oxidation-reduction processes in the 
tissues, The data given are averages, calculated on the 
basis of results of separate experiments, and not the ratio 
between average values for the content of DAA and AA, 

These results show that the normal ratio of DAA/AA 
in each type of animal is approximately the same, A 
day after irradiation, in the rabbit there is a tendency 


for it to fall, and in the guinea pig it remains normal, 
On the third and fifth days the DAA/AA ratio rises to 
normal in the rabbit, while in the guinea pig it remains 
five times above normal on the average. 

Since the guinea pig does not synthesize AA and the 
sole source in the organism is its accumulation from the 
diet, we must consider the possible role of the decreased 
appetite characteristic of radiation sickness, and the 
related undereating in the destruction of AA metabolism 
in the vessel tissues of these animals, 

The amount of foodstuffs containing AA which was 
used by the guinea pigs during the first three days after 
irradiation was on the average the same as before irradia- 
tion, but on the fourth and fifth days this decreased, In 
this connection it was necessary to establish the signi- 
ficance of undereating for destruction of AA metabolism 
in guinea pig aorta tissue during this period, 

We ran special experiments to determine the content 
of AA and DAA in guinea pig aorta tissue during five 
days on the same amount of food as for the irradiated 
animals, We showed that during this period the total 
amount of AA and DAA as a result of undereating was 
below normal, with a value of 2,3 + 0.4 mg%, that is, at 
approximately the same level as in guinea pigs through 
a five-day period after irradiation,but in this case there 
was a difference in the separate changes of AA and DAA 
concentration. The AA content in undereating of the 
guinea pigs was 1,1 + 0,3 mg%, that is, an average fall 
of 31% compared to the normal, while through five 
days after irradiation, it fell still more, by 61%, The 
amount of DAA in undereating averaged about the same 
as in the normal animals (1.2 + 0.1 mg%), 


DISCUSSION OF RESULTS 


Our investigation showed that acute radiation sick- 
ness Causes destruction of AA metabolism in the aorta 
tissue of animals which synthesize AA (rabbits) and those 
which do not synthesize it (guinea pigs), From this, we 
must consider two different directions in which the 
changes occur: 1) variation in total concentration of the 
components in the easily reversible process AA = DAA 
+ 2H; 2) shift in ratio DAA/AA which, as we showed, 
is characteristic for destruction of the oxidation-re- 
duction process in the tissues, In rabbits, change begins 
even in the first day after the action of radiation. Im- 
mediately after irradiation there is a tendency in them 
for fall in the total amount of AA and DAA without 


Ratio of Amounts of Dehydroascorbic Acid to Amounts of Ascorbic Acid 
(in %) in Aorta Tissues of Rabbits and Guinea Pigs in Acute Radiation Sickness 
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clear destruction of the oxidation-reduction potential; 
then there is a gradual rise in total amount of AA and 
DAA above normal which is accompanied by a shift to 
the side of the reduction process, 

In the study of the later periods, we could compare 
the reaction of rabbits and guinea pigs. In rabbits, the 
total concentration of AA and DAA had a tendency to 
fall during five days after irradiation without destruction 
of the oxidation-reduction potential, In guinea pigs, 
the content of AA along with DAA also fell, but only 
from the third day, and without preliminary rise as oc- 
curred in rabbits, Then in the guinea pigs there was a 
sharp increase in oxidative processes which was not 
found in rabbits, If in rabbits and guinea pigs the normal 
content of AA was higher than of DAA, then while the 
same ratio was retained in radiation sickness in rabbits, 
it changed sharply toward the side of DAA in guinea pigs. 

All these results indicate that the action of ionizing 
radiation causes a considerably greater qualitative change 
in AA metabolism in the aorta walls of guinea pigs than 
in rabbits, 

Most of all we note the sharp deficit of free AA in 
guinea pigs onthe third day after irradiation, This was 
conected only with the effect of the action of ionizing 
radiation, since during this period the amount of food 
required by the experimental animals was the same as 
for the normals, The AA deficit on the fifth day after 
irradiation certainly depended both on undereating and 
on irradiation of the organism. 

Evidently, destruction of AA metabolism in radiation 
injury as seen in aorta tissue also occurs in the smaller 
vessels and is one of the factors which affect metabolism 
of intercellular substances in connective tissue and 
hence the permeability and fragility of the vessel walls. 

It is important to observe that humans fall in the 


same group as guinea pigs with respect to AA metabolism. 


Probably, in the human blood vessel walls in acute 
radiation sickness analogous changes can occur, 


SUMMARY 


Acute radiation sickness causes changes in ascorbic 
acid metabolism in aorta walls in animals which syn- 


thesize ascorbic acid (rabbits) and in those which do not 
(guinea pigs). 

In guinea pigs the content of ascorbic acid decreases 
3-5 days after irradiation with a sharp increase in the 
amount of dehydroascorbic acid on the third day; in 
rabbits the content of ascorbic acid increases on the first 
day with further fall to normal in relation to the un - 
changed content of dehydroascorbic acid. 

The ratio of the amount of dehydroascorbic acid to 
the amount of ascorbic acid (an indication of the direction 
of the oxidation-reduction processes in the organism) 
sharply increases in guinea pigs 3-5 days after irradiation, 
and in rabbits is unchanged. 

In guinea pigs, the development of radiation sickness 
leads to a considerable deficit of ascorbic acid in the 
aorta walls, and in rabbits this is not found. 
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In a number of investigations it was shown that 
tissue culture cells, independent of their source of origin 
(whether from normal or malignant tissues), possessed a 
characteristic metabolism, quite reminiscent of cancer- 
cell metabolism. One of the basic peculiarities of cells 
grown in vitro is their quite intense aerobic glycolysis* 
{1-7}. The presence of aerobic glycolysis, without doubt, 
reflects itself in a significant fashion on the tissue culture 
energy balance. In those cases, when the cells are grown 
without oxygen, particular importance should be givento 
anaerobic glycolysis. The above data aroused the authors’ 
interest to study the importance of glycolysis and respi- 
ration in supporitng the energy potential of tissue explant 
cells. The adenylic system components were chosen as 
the qualitative indicator characterizing the cellular 
energy state. 

In the present work are presented data obtained 
during study of adenosine triphosphate (ATP), adenosine 
diphosphate (ADP),and adenosine monophosphate (AMP) 
contents in cells of continuously-propagating heart culture 
of the monkey Macacus cynomolgous [9]; data were ob- 
tained under aerobic and anaerobic conditions and in 
the presence or absence of glucose, 


METHODS 

The growing of cells and taking them from the glass 
surface and washing was described in previous communi- 
cation [6]. A definite aliquot of cellular suspension was 
fixed with cold trichloroacetic acid (TCA, final con- 
centration 3.3%); simultaneously two similar samples 
were placed in special centrifuge containers containing 
80 ml of Krebs-Ringer phosphate buffer (pH 7.3-17.4). 
One of the containers also contained glucose in con- 
centration of 150 mg%. The incubation medium was 
preliminarily heated to 37. The large incubation volume 
was Chosen in order to minimize the influence of changes 
in substrate and end products concentrationson the cel- 
lular components of the adenylic system. In order to 
agitate the cells and create the corresponding gas medium, 
there was bubbled through the suspension air (aerobic 
conditions), or oxygen-free nitrogen (anaerobic condi- 
tions). The incubation interval was 20 min and tempera- 
ture was 37. A special check has shown that under the 
chosen conditions, glycolysis of tissue culture cells pro- 
ceeded with uniform intensity. In addition, due to the 


large medium volume, its glucose concentration (Nelson 
[10]) remained basically unchanged during incubation, 
and lactic acid concentration (determined according to 
Baker and Summerson [11]) was relatively low. At the 
end of incubation the cells were centrifuged for three 
minutes and fixed with TCA, 

The separation and quantitative determination of 
adenine nucleotides was conducted according to the as- 
cending paper chromatography method. Prior to chro- 
matography, TCA was removed from the extract by a 
five-fold ether extraction in cold. Control determi- 
nations have shown that with the method utilized (treat- 
ment with TCA and ether) there was no loss of adenine 
nucleotides, nor breakup of ATP. The volume of the 
extract transferred onto the paper (this was preliminarily 
washed with 0.5% EDTA and the solvent) was 0.1-0.2 ml. 
In order to diminish the size of the spot, the extract was 
transferred in small portions and constantly dried in an 
air stream. A mixture of isoamyl alcohol—2.5% citrate 
was utilized as the solvent [12]. In order to improve the 
nucleotide separation, each sample was generally chro- 
matographed three times. The spots were developed 
with the help of an ultrachemiscope. Full elution was 
accomplished by eluting with 0.01N HCl in a shaking 
apparatus for one hour. Small paper hairs were removed 
from the elution by rapid centrifugation (at about 8000 
rpm). Concentration of adenylic compounds in the eluent 
was determined by photometry at 260 my inan SF-4 
spectrophotometer.Molar extinction for ATP, ADP and 
AMP was taken as 14,200 In some cases there was 
determined the ratio between nucleotide adenine and 
phosphorus; phosphorus concentration in the elutant was 
determined by the color reaction with molybdenum in 
the presence of ascorbic acid [13]. The obtained values 
agreed satisfactorily with theoretical expectations. 

All calculations were conducted in terms of 1 ml of 
solid cell precipitate, Cell concentration in the sus- 


« A recent attempt to prove that under physiological 
conditions tissue culture cells do not undergo aerobic 
glycolysis [8] cannot be accepted as sufficiently con- 
vincing. Numerous facts, all of which cannot be 
analyzed presently, attest to the fact that aerobic 
glycolysis is present in multiplying, biologically com- 
plete tissue explants, 





pensions was determined with a rapid hematocrit centri- 
fuge in capillaries 75 mm long. A check showed that 
1 ml of cellular precipitate contained 170-180 million 
cells (calculations were conducted on crystal violet — 
stained nuclei after disrupting the cytoplasm with citric 
acid), 

Statistical treatment of the obtained material was 
conducted by generally accepted methods [14]. 


RESULTS 


Adenylic acid system in initial cells, Determination 
of the total content of adenine nucleotides (in 1: moles/m] 


of solid cellular precipitate) and their distribution ac- 
cording to fractions gave the following results: 


Total adenine nucleotide content 


3.75 + 0.18 (13) 


ATP, % ADP, % AMP, %o 


37.84+2.27 43.14 2.47 19.141.19 
Note: Here and in the following tables are given arith- 
metic means and their standard errors. In parentheses- 


number of determinations. 


The low relative ATP concentration and the high 
ADP concentration in these cells deserve definite at- 
tention. Consequently, the cells contain a considerable 
store of phosphorus-acceptors necessary for oxidative, as 
well as for glycolytic, phosphorylation. It should not be 
forgotten, however, that at the time of removal of the 
cells from glass and their washing, there could take 
place a partial breakup of ATP. Thus, it was quite 
possible that in growing cells there could be a somewhat 
different adenine nucleotide distribution - more ATP 
and less ADP, Together with this, peculiarities in cells 
removed from glass and washed present a separate 
interest, namely since such cells are utilized for mano- 
metric experiments. 

The influence of incubation conditions on total 
content of adenine nucleotides in tissues culture cells. 
Data concerning the influence of aerobiosis and anaero- 
biosis on adenine nucleotide content of tissue culture 
cells, incubated in the presence and absence of glucose, 
are shown in Table 1. Results of statistical treatment 
of these data are given in Table 2. 


It is not difficult to see that the total content of 
components of the adenylic acid system in cells in- 
cubated under aerobic conditions was not significantly 
dependent on the presence of glucose. In other words, 
endogenous respiration was sufficient for maintenance 
of the level of cellular adenine nucletides. On the other 
hand, glycolysis alone (as shown by data from anaerobic 
experiments conducted in the presence of glucose) was 
likewise capable of maintaining total adenine nucleotide 
content at a steady level. But in the absence of respi- 
ration and glycolysis (anaerobic experiments without 
glucose) the reserves of adenylic acid coenzymes were 
rapidly exhausted. This occurrence could depend on 
fuller disintegration of adenylic acid system components, 
or could be due to their escape from the cells as a 
result of increased permeability. 


TABLE 1. The Influence of Incubation Conditions 
on Total Content of Adenine Nucleotides in Tis- 
sue Culture Cells, Nucleotide Content Expressed 
in pmoles per ml of Solid Precipitate. 


Aerobiosis 


without 
lucose 


1.84 40.13 
(6) (5) 


iosis 
wit without wit 
lucose lucose lucose 


3.45 + 0.413.054 0.49 i + 0.21 
(6) (4) 


Influence of incubation conditions on the ATP, 
ADP and AMP content in tissue culture cells. The de- 


pendence of adenylic acid system distribution, in se- 
parate fractions, on the composition of the gaseous 
medium and on the presence or absence of substrate is 
presented in Table 3, Results of statistical treatment of 
these data are presented in Table 4, 

The obtained data attest to the fact that under 
aerobic conditions, the presence or absence of glucose 
was not basically reflected in the cellular ATP content. 
This speaks of the fact that endogenic respiration was 
sufficiently effective in the sense of supporting cellular 
energy potential at a definite level. Together with this, 
it should be noted that in the absence of glucose there 
was some lowering of the ADP portion and increase in 
AMP in the total sum of adenine nucleotides. 


TABLE 2. Significance of Differences (p) in Adenine Nucleotide Content of Tissue 


Culture Cells Under Different Conditions. 





Incubation conditions 


Aerobiosis with glucose 
Aerobiosis without glucose 
Anaerobiosis with glucose 


| Aerobiosis 
Without glucose | with glucose 


0.6 > p> 0.5 


Anaerobiosis 
without glucose 


05> p> 0.4 | 0.01 > p> 0.001 
p> 0.9 | 0.05 > p> 0,02 
- 0.001>p 





TABLE 3. Influence of Incubation Conditions on the Distribution of Adenine Nucleotides 
in Tissue Culture Cells According to Individual Fractions. 


Adenylic acid Aerobiosis 
system fractions | with glucose 


38,0 + 2,14 
43.0 + 2.13 
19,0 + 0,92 


without glucose 


40.0 4 3,87 


33.4.4 3.12 
26.6 + 1.69 


Anaerobiosis 
with glucose 


without glucose 


40.7 + 1.83 
42.7 + 1.47 
16.6 + 2.10 


32.4 + 1,50 
30.3 2 2.97 
37,3 + 2.20 


TABLE 4. Significance of the Differences in the Individual Nucleotide 
Content in Tissue Culture Cells, Incubated in the Presence and 


Absence of Glucose. 


Adenylic acid 
system fractions 


0.7 > p> 0.6 
0.05 > p> 0,02 
0.01> p> 0.001 


Another important condition was the fact that in 
the presence of glucose the adenylic acid coenzyme 
content was independent of the gas medium composition; 
the ATP, ADP and AMP content in cells incubated under 
anaerobic conditions was practically the same as the 
content of these nucleotides in cells incubated in the 
presence of oxygen. Consequently tissue-culture cells 
can effectively resynthesize ATP at the expense of an- 
aerobic glycolysis. 

The most drastic changes, as could be expected, 
occur in cells incubated under anaerobic conditions 
without glucose. Under these conditions there is a con- 
siderable decrease in the ATP and ADP portions and a 
concurrent increase in AMP, If it is taken into account 
that the total adenine nucleotide content under these 
conditions was also considerably lowered, then the de- 
pletion of neuroenergetic compounds from cells becomes 
even more evident. 


DISCUSSION 


The importance of respiratory and glycolytic energy 
to tissue culture cells, The obtained data shows that 


monkey heart tissue-culture cells were able to support 
their energy potential (at least in short-term experi- 
ments) at the expense of endogenous respiration as well 
as at the expense of glycolysis. Taking into account the 
similarity of cellular carbohydrate and oxidative meta- 
bolisms in different tissue cultures [6], it could be sup- 
posed that the presently observed peculiarities in energy 
metabolism are a general characteristic of various tissue 
explants. In this respect, tissue-culture cells are re- 
miniscent of cancer cells [15-17], leucocytes [18] and 
some other cells, 

However, to what degree the ATP was formed in the 
cytoplasm during glycolysis, biologically equal to mito- 
chondreal ATP formed during respiration, is yet some- 


Aerobiosis 


Anaerobiosis 


0.01 > p> 0,001 
0.01 > p> 0,001 
0.001> p 


what difficult to say [20]. It seemed that the answer to 
this question could be found in the results of the study 
concerning the ability of tissue-culture cells to grow 
under anaerobic conditions, However, first of all, the 
literature concerning this question is quite controversial: 
at the same time that some authors state that tissue ex- 
plants multiply normally in the absence of oxygen [21 - 
23], others refute this possibility [24, 25]. Secondly, 
and this is especially significant, even if it was concretely 
proven that tissue cultures do not multiply under anaerobic 
conditions, it would not to any degree exclude the as- 
pect of the energy value of glycolysis. Absence of 
multiplication could be dependent, for example, on the 
absence of substrates that are formed only during oxi- 
dative processes. In order to solve the question con- 
cerning the energy value of glycolysis, emphasis should be 
placed upon experiments concerning the study of intra- 
cellular transfer of adenylic system coenzymes between 
mitochondria and cytoplasm. If such a transfer is easily 
accomplished, then evidently, from the energy point of 
view, ATP formed during glycolysis should be of the 
same value as ATP formed during the respiratory process. 
Effectiveness of oxidative phosphorylation in the cell, 
The effectiveness of oxidative phosphorylation, i.e., 
concerning the quantity of ATP formed during utilization 
of a definite amount of oxygen, is generally judged by 
experiments with isolated cellular fractions. Whole 
cells present such a complex system that obtaining of 
a somewhat reliable analysis of oxidative phosphorylation 
effectiveness becomes somewhat unaccomplishable. 
However, lately Quastel and Bickis [26] have suggested 
a method for determining the ratio P: O for whole cells 
possessing a reverse Pasteur reaction. 
The basis of the method is based on the following. 
If addition of glucose under aerobic conditions promotes 
a supression of oxygen utilization and appearance of 
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aerobic glycolysis, but does not produce basic changes in 
ATP content, then it can be assumed that formation of 
energy during glycolysis (1mole of ATP per mole of 
lactate formed) fully compensated the loss of energy re- 
lated to the lowered respiration (allowing that utiliza- 
tion of ATP for plasticity and other goals did not depend 
on the presence of glucose), From this it is easy to cal- 
culate the ratio P:O by the fcllowing equation: 

(Qo, — OF) 27 = 0%, , 
where QO, and ob, are utilization of oxygen in the 
absence and presence of glucose respectively, and 
Q no represents aerobic glycolysis. 

Since additionof glucose to tissue-culture cells from 
monkey heart produced a lowering in oxygen utilization 
and the appearance of aerobic glycolysis [6] and since 
in the present publication it was shown that during this 
there did not occur any basic changes in the cellular 
ATP concentration, evidently, then, the method of Quastel 
and Bickis can be utilized for the present objectives. Cor- 
responding calculation, based on previously obtained 
data [6], shows that for whole monkey heart culture 
cells the ratio P:O was about two. It can be pointed 


out that for cells from Ehrlich's ascites.carcinoma, Quastel 


and Bickis obtained P: O=3.0, and other authors, 2.5 
[27]. Without reevaluatingthe accuracty of the obtained 
figures, a conclusion should be made that respiration in 
tissue-culture cells was accomplished, evidently, ap- 
proximately with the same effectiveness (with respect 
to formation of macroenergy bonds) as in other normal 
and malignant tissues. 

Concerning the mechanism of reverse Pasteur effect. 
The reverse Pasteur reaction in tissue culture cells was 
not accompanied by a basic lowering of the level of 
phosphate acceptors (ADP), this fact seemed important. 
More readily, in the opposite, the addition of glucose 
under aerobic conditions assisted the increase in ADP 
concentration at the expense of AMP. This condition 
could also speak out against propositions stating that 
exhaustion of phosphate acceptors as a result of com- 
petition for ADP by glycolysis and respiration, formed 
the basic for the reverse Pasteur reaction [28]. How- 
ever, the final conclusion concerning this relation will 
not be made until after the study of intracellular dis- 
tribution of adenine nucleotides, since the respiratory 
suppression could be accomplished by a local insuf- 
ficiency of mitochondrial phosphorus-acceptors. 


SUMMARY 
The adenine nucleotide content in heart tissue- 


culture cells from the monkey, Macacus cynomolgus, 
incubated under aerobic and anaerobic conditions in the 
presence and absence of glucose, was studied by the 
method of paper chromatography. It was shown that 
the cellular ATP level could be supported at the ex- 
pense of endogenous respiration as well as by anaerobic 
glycolysis. Addition of glucose to cells under aerobic 
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conditions was accompanied by a slight increase in 
ADP concentration (at the expense of AMP). The ob- 
tained results are discussed in relation to the problem 
of the effectiveness of oxidative phosphorylation in the 
whole cell in connection with the mechanism of reverse 
Pasteur effect 
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The study of biochemical processes underlying the 
incorporation by plants of inorganic nitrogen (N inorg) 
and its conversion into organic forms amino acids, 
amides, and proteins— is of enormous theoretical and 
practical value since only plant organisms are able to 
synthesize unsubstituted amino acids and complete pro- 
teins from inorganic compounds. 

In his time Sabinin [1] advanced and experimentally 
developed the hypothesis that the root system should be 
regarded not only as an absorptive organ but also as an 
organ of synthesis of a number of the most important 
organic compounds. This hypothesis received experi- 
mental support in the studies of Shmuk et al [2], who 
demonstrated the leading role of the root system in the 
biosynthesis of alkaloids in tobacco, In recent years 
these views have been developed further in the studies 
of Kursanov [3], Mothes [4], Il"in [5], Potapov [6], Yemm 
[7], and others. 

One of the methods by which the synthetic activity 
of the root system may be studied is to examine the sap 
composition. An examination of the forms of nitrogen 
in the sap is of great interest in the understanding of 
processes of assimilation of Ninorg entering the plant 
from the soil. It must be emphasized that in order to 
arrive at a correct view of the paths of Ninorg incorpora- 
tion it is especially important to study sap composition 
of plants grown in their natural environment, i.e, in the 
soil. As our recent studies of the nitrogen composition 
of sap of pumpkins grown on soil containing both am- 
monium and nitrate fertilizers showed, there are present, 
together with nitrates, which constitute the greater part 
of the nitrogen, a whole series of amino acids, amides, 
and proteins [8]. 

The purpose of this study was the identification of 
those organic nitrogen compounds which represent the 
primary products of Ninorg assimilation and which are 
subsequently transported to the aerial parts of the plant. 


METHODS 


Experiments were performed with the sap of Gribov 
31 pumpkin hybrids in the summer of 1957 and 1958. 
Pumpkins were grown in soil-containing flats in a 
growing house. The soil consisted of a mixture of humus, 
peat, and sand. During the month-long growing period, 
organic fertilizers were applied twice. At the time of 


sap collection the plants were well developed and had 

a vigorous root system. Before the beginning of sap 
collection, one hour before stem sectioning, NHyNO3 
was applied to the soil as a 0.1N aqueous solution. The 
NH,NOs preparation used in 1957 contained the stable 
isotope N?® and was enriched 30-fold, or 11 atom %, 
The preparation used in 1958 was enriched 25-fold, or 
9.5 atom %, Five liters of a 0.14% solution of N'°H,NO, 
solution was applied to each flat containing six to seven 
plants. This was done three times daily. 

Sap was collected in the following manner: A 
collar of filter paper was fixed around the stem to pre- 
vent soil particles from falling on the stem and into the 
sap, and the stem was carefully scrubbed with alcohol. 
The stem was then cut off with a razor 2-3 cm above the 
root crown and the cut surface was washed with alcohol; 
a carefully washed and sterilized rubber pacifier was 
applied to the cut surface by the narrow end, through 
which a small hole had been made previously. The 
upper wider end was covered with sterile cotton, As the 
sap accumulated, it was collected with sterile pipettes 
and stored at0°. Sap was collected for 24 hours. Sap 
collected during the first nine hours was pooled and 
studied, and that collected during the next 15 hours was 
also pooled and studied. Data on amounts of sap col- 
lected are presented in Table 1. 

The following determinations were made: total 
nitrogen (Not by the Kjeldahl method, Nyo, after re- 
duction with Zn according to Ballentain [8]; protein 


TABLE 1. Quantities of Sap Collected, First and second 
growing periods. 


Indicator 


No, of plants 


First collection 


Quantity of sap} 647 {1500 | 840 


in ml 


850 |600 | 675 


Second collection 


425 | 500 1100 


1100 | 650 | 850 
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nitrogen (Nprot) after precipitation with tannin; am- 
menia nitrogen (NHs -N) and amide. N of asparagine and 
glutamine after removal of protein (amide N separately 
for the two amides [9]). For further analysis of the N15 
content, samples obtained after determination of Neot? 
Nprot? NHs-N, and amide N, which contained nitrogen 
in the form of (NH,g)pSO,, were acidified with a few 
drops of 0.02N H,SO,, evaporated to a volume of 3 ml, 
jand converted to gaseous nitrogen by the method of 
Rittenberg [10]. The nitrogen gas obtained was then 
analyzed in an MI-13-01 mass spectrometer for nié 
content. Determination were made in triplicate or 
quadriplicate. All necessary controls were included. 

As a sample of calculations of amide nitrogen of 
asparagine and glutamine, and of N15 enrichment of 
these fractions, made from data of May-June, 1957, 
collection I, we have: 


N} enrich- 
ment factor 


11.97 


N content of 5 


Forms of nitrogen ml of sap, mg 


NHg-N 0.064 
Amide N of 
glutamine + NHg-N 
Amide N of 
asparagine and glut- 
amine + NHs -N 


0.144 10.86 


0.195 10.18 


From these data we find that amide N of glutamine 
comprised 0.080 mg and amide N of asparagine 0.052 
mg. The enrichment factor of the amide N of glutamine 
(X; ) was calculated from the equation: 


a=bte 


(I) 


where a is the enrichment factor of the amide N of 
glutamine plus NHg-N multipled by the amount of N in 
mg obtained in the determinations; b is the amount of 
NHg-N in mg multiplied by its enrichment factor, c is 
the amount of amide N of glutamine in mg multiplied 
by its enrichment factor (X; ). The expression for cal- 
culation of the enrichment factor of the amide N of 
asparagine (X, ) has the form: 


"ays by + Cy + dy (II) 


where ay is the enrichment factor of the amide N of 
asparagine and glutamine and of NHg-N multiplied by 
the amount of N in mg experimentally determined; by 
is the amount of amide N of asparagine in mg multiplied 
by its enrichment factor; (Xz ); cy is the amount of 

NH -N in mg multiplied by its enrichment factor; and 
d, is the amount of amide N of glutamine in mg multi- 
plied by its enrichment factor (X;). Substituting the 
proper values into equations I and II, we have for glu- 
tamine: 10,86+0,144=0,064°11.97+ 0.080 + X, from 
which X, (enrichment factor) = 9.97; for asparagine we 
have: 10.18+0.195 = 0.052+ X, + 0.064-11.97 + 0.080: 
‘9.97, from which X, (enrichment factor) = 8.09. 


RESULTS 


From the data presented in Table 2 it can be seen 
that sap of pumpkins grown in soil contains, in addition 
to very large amounts of nitrates as determined by zinc 
degradation, amide N of asparagine and glutamine and 
a little protein N. In the majority of experiments the 
quantity of NHg-N is quite considerable. It should be 
noted that the sum of protein N, NHg-N, and amide N 
sometimes exceeds Nzot, as determined by the Kjeldahl 
method; this is explained by the effect of nitrates and 
tannin added to the sap during precipitation of proteins 
and determination of amides and NHg-N. The special 


features of determination of form of nitrogen in sap are 


considered in greater detail in a previous communication 


(8}. 


From a comparison of protein N contents of sap from 
the first and second collections it is evident that of the 
first collection is always somewhat higher by about 30- 
36%, With respect to amide N, the amount of this fraction 
is always lower in sap of the second collection; this is 
evidently related to a deficiency of carbohydrates in 
the roots as a result of cessation of flow of photosynthates 
into the root system. This also explains the fact that the 
amount of NHg-N in the second collection is considerably 
higher, being on the average 142% of that in the first 
collection. The level of N** of all fractions was de- 
termined. Data obtained are presented in Tables 3-4, 


TABLE 2, Forms of Nitrogen in Pumpkin Sap 


April-May 
1958 
| 


=) 
cS 
N 


Forms of nitrogen 


N_ after re- 
total : 
duction with Zn 

Nrotal by Kjeldahl; — | — |1,324/1,428 

Noprot 

NHg -N 

Amide N of 
glutamine 

Amide N of 


asparagine 


oo) em SRE anche 
0 ,434|0 ,399|0 ,280]0 ,41010 45810 95110 32610 ,125]1 ,720]1 ,37810 42610 259 
0050/0 ,068/0 ,025/0 ,036/0 ,08810 ,055/0 ,03810 ,044)0 ,03810 ,039]0 ,030l0 ,032 
0250/0 , 286)0 , 2258/0 ,368/0 ,064/0 ,069]0 , 172/0 , 268/0 , 34210 ,397/0 , 21410 ,328 


_ May-June _ 
1957 


July-August 


4 
= a 
° ° 
Vv 0 


2,494/2,114 


0, 181/0 ,064/0 ,090)0 ,014/0 ,080)0, 120]0 ,027/0 04410 ,369]0 , 26410 ,133]/0 ,055 


0 ,090)0 ,046)0 , 113}0 ,035)0 ,052/0 ,024/0 ,094/0 ,023]0 , 230]0 , 1720 ,071/0 ,025 
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It is clear from the data that the ammonium salts 
in the sap had a high level of N® enrichment. It is also 
shown that ammonium salts introduced into the soil are 
rapidly assimilated by the root system and enter the sap 
for further transport to the aerial parts of the plant. At 
the same time, the data bear abundant witness to the 
fact that nitrogen of ammonium salts entering the root 
system is already partially converted into organic form 
in the roots. NHg-N is incorporated into the amide groups 
of asparagine and glutamine with especial ease. This 
is evident from the fact that the level of enrichment of 
the amide groups is extremely high. This is in excellent 
agreement with the data of Kretovich, Evstigneeva, and 
Plyshevskaya [11] showing that with introduction of j'5. 
labeled ammonium salts into lupine and vetch seedlings 
and also into sugar beet roots there is a particularly rapid 
incorporation of heavy nitrogen into the amide groups of 
asparagine and glutamine. 

The lowest enrichment was observed in the fraction 
determined according to Ballentain with zinc and in the 
protein nitrogen fraction. The low enrichment level of 
the total nitrogen fraction determined with zinc is due 
to a dilution by the unlabeled nitrogen of nitrates pre- 
sent in very large quantities in sap of pumpkins grown in 
soil [8]. As far as the low enrichment of protein nitrogen 
is concerned, this indicates that although protein synthesis 
occurs in the root system it is relatively slow. 

An examination of the data on enrichment of the 
various nitrogen fractions reveals that in all the experi- 
ments total nitrogen as determined by the Kjeldahl 
method (ammonia, amino acids, amides, and protein) 
and protein nitrogen of the second collection are more 
enriched with heavy nitrogen than the same fractions 
from the first collection, These data are in good agree- 
ment with the results of quantitative determinations of 
forms of nitrogen presented in Table 2, They denote that 
with the cessation of flow of carbohydrates and keto acids 
to the root system there is a more vigorous incorporation 
of heavy nitrogen into proteins and other compounds the 
nitrogen of which is determined by the Kjeldahl method, 

From our data it is evident that processes of synthesis 
of organic nitrogen compounds in the root are most 
closely involved with photosynthesis and the flow to the 
root system from the leaves of non-nitrogenous carbo- 
hydrates [12]. 


DISCUSSION 


The data obtained in the course of a study of in- 
corporation of labeled nitrogen of ammonium into 
various nitrogen compounds of the sap clearly show that 
the greatest incorporation is into the amide groups of 
asparagine and glutamine, These two compounds, to- 
gether with amino acids formed by direct amination of 
keto acids, are therefore the forms in which inorganic 
nitrogen from the soil is assimilated and stored by the 
root system. Here it is appropriate to recall that Bollard 
[13], who studied the nitrogen compounds of the xylem 


366 


sap of a considerable number of plants belonging to 
widely separated families, showed that in almost all the 
plants investigated glutamine and asparagine were 
quantitatively the most important compounds present, 

Kretovich and Uspenskaya [14], and also Kretovich 
and Yakovleva [15], showed that with introduction of 
ammonium salts into pea and wheat seedlings, and also 
into ripening wheat heads, there is a vigorous synthesis 
of glutamine, Theyalso showed that introduction of 
keto acids causes a rapid disappearance of glutamine, 
which is evidently utilized in transamination reactions. 
A similar utilization of asparagine in the presence of 
oxalacetic acid was also shown for extracts of wheat and 
barley seedlings by Kretovich and Galyas [16]. 

It is apparent, therefore, that asparagine and es- 
pecially glutamine are most important compounds, re- 
presenting the immediate products of assimilation of 
ammonium nitrogen and its conversion into organic 
form by direct amination of keto acids and unsaturated 
acids, 

The results of in vivo experiments with labeled 
nitrogen which are reported here are incontrovertible 
proof of the synthetic activity of the root system. More- 
over, these results, obtained with new material and with 
the isotope method, develop more fully the profound 
conception of Pryanishnikov of the preminent role of 
amides in the conversion of exogenous ammonia from the 
soil into organic nitrogen compounds, 


SUMMARY 


Ammonium assimilation by the pumpkin root system 
was investigated by means of sap analysis. The pumpkin 
plants were grown in a soil to which ammonium nitrate 
labeled with N** in the ammonium group was added. 

Labeled ammonium ions were shown to be rapidly 
assimilated by the root system and to enter green parts 
of plants with the sap. 

A part of the ammonium nitrogen undergoes charges 
in the root system itself and enters into the organic nitro- 
geneous compounds of the sap. Ammonium nitrogen 
enters into the amide groups of asparagine and glutamine 
at a particularly high rate. 

The data obtained show that the nitrogen of exo- 
genous ammonium salts is also incorporated into protein 
of the sap. This process, however, is relatively slow. 

The results concerning the content of various nitro- 
gen forms in sap and their enrichment with heavy nitro- 
gen bear witness that synthesis of nitrogenous substances in 
the root system is closely associated both with photo- 
synthesis in green parts of the plant and with translocation 
of nitrogen-free carbon compounds from the leaves into 
the root system. 
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It is now established that oxidation— reduction 
enzyme systems are localized in structural elements of 
the cell and require for effective operation the main- 
tenance of a definite spatial organization, 

We have previously shown that oxidation of succinic 
acid by a system of enzymes which are subsumed under 
the term succinoxidase takes place in intact Micrococcus 

~lysodeikticus cells and also in protoplasts obtained by 
lysis in osmotically stabilized medium [1, 2]. In a cell 
lysate prepared in weak salt solution, the oxygen ab- 
sorption obtained with succinic acid as a substrate is 
only 10% that of intact cells, This residual absorption 
is entirely associated with the cytoplasmic membranes, 
which are preserved during lysis in osmotically un- 
stabilized medium [3]. Although the succinoxidase 
activity of these structures is not large, they contain up 
to 70% of the succinic dehydrogenase of the original 
lysate and are characterized by a high specific activity 
of this enzyme [2]. The localization of succinic dehydro- 
genase in the cytoplasmic membranes indicates that 
the complete succinoxidase system in the intact cell is 
concentrated in these structures. The decrease in suc- 
cinic acid oxidation with lysis is probably due to a 
change in the spatial organization of other components 
of the complex succinoxidase system. 

The purpose of this study is to identify the com- 
ponents of the succinoxidase system in the cytoplasmic 
membranes and to clarify their relation to succinic de- 
hydrogenase. 


METHODS 


The Fleming strain of a Micrococcus lysodeikticus 
culture served as experimental material. Culture and 
harvesting of the bacteria were carried out according 
to a previously described method [4], Lysozyme and 
cytochrome c were obtained from the Light firm, and 
DNAase from the Lachem firm, Lysis and isolation of 
the cell membranes from the lysate were carried out 
as follows: Two g of bacteria (moisture content 70- 
75%) were suspended in 12,5 ml of 0.001M K-Na phos~ 
phate buffer, pH 6.8, containing 2.5 mg MgSO, per ml. 
This buffer was used in all succeeding operations, Five 
mg of lysozyme was then added to the suspension, and 
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also 7.5 mg of DNAase to reduce lysate viscosity and 
thereby to obtain dense precipitates with centrifugation. 
It was first ascertained that treatment with DNAase and 
repeated washing by centrifugation did not reduce the 
rate of succinic acid oxidation , Lysis was allowed to 
proceed for 30 minutes at 37. The opalescent yellow 
lysate obtained was made up to 100 ml with buffer and 
centrifuged at 22,000 G in the cold. Five washings with 
cold buffer were carried out by centrifugation. The dark 
yellow precipitate of cytoplasmic membranes thus ob- 
tained which was free of intact cells, was suspended in 
1 ml of buffer; this suspension was used for all enzyme 
reactions. The suspension was subsequently clarified by 
the addition of 2 ml of glycerin in order to decrease 
light scattering. Spectral measurements were made with 
an SF-4 spectrophotometer, 

To further reduce light scattering and to intensify 
the cytochrome absorption bands, measurement was made 
with opal glass [5, 6]. Spectra were taken over the range 
510-640 mp at intervals of 2 mp in the region of the 
maxima and at intervals of 3-5 mp over the remaining 
regions. No measurements were made below this limit 
because of the large quantity of pigments which impede 
resolution of the y-band of cytochromes. Difference 
spectra were obtained by measurement against an identi- 
cal sample oxidized by KgFe(CN). 

The concentration of the cytochrome c stock solution 
was 1.28°107" moles/mi [7], with 0.2 ml of an oxidized 
cytochrome c solution being added to 1 ml of suspension. 
Concentration of the sodium succinate solution was 2.5 
mg/ml of membrane suspension. Nitrogen was deter- 
mined by the Kjeldahl method and total carbohydrate 
with anthrone. In the latter case, Mannose was used as a 
standard [8] and color intensity was measured with an 
FEK-M colorimeter fitted with a red filter, The mem- 
brane preparation comprised 10% of the weight of the 
original bacteria, and contained 10.25% nitrogen, or 64% 
protein, and 12.6% carbohydrate. 


RESULTS 


In order to determine which enzymes of the suc- 
cinoxidase system are preserved on the cytoplasmic 
membranes besides succinic dehydrogenase, measure» 
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Fig. 1. Absorption spectra of cytochromes of cytoplasmic membranes; 
cytochromes in the reduced form. A) Control cuvette contained buffer 
solution; 1) Without succirfate. 2) with succinate. B) Control cuvette 
contained cytochromes oxidized with KsFe (CN), (difference spectrum). 


ments were made of the spectra of cytochromes, which 


are obligatory components of succinoxidase, In aerobes, 
cytochromes in intact cells or in preparations of structural 
elements are usually in an oxidized state; to obtain 
precise spectra they are reduced by chemical or enzy- 
matic means, 

Data from a typical experiment (Fig. 1, A) show that 
cytochromes b, c, and a, with &-bands at 560, 550, and 
590-600 mp, are present in the membranes; the 8 -band 
forb andc is visible at 520 my. The broadening of 
the peaks on the graph is probably due to impurities and 
to high light scattering by the glycerin preparations, as 
was also noted by Jackson and Lawton [9]. 

In this typical experiment, the amount of cytochrome 
b is somewhat higher than that of c, while cytochrome 
a is present in the smallest amount. In some experi- 
ments, however, the amount of cytochrome c is in- 
creased relative to that of cytochrome b (Fig. 1,B), and 
sometimes they are equivalent in amount, 

The impossibility of obtaining preparations of cel- 
lular structures which are standard with respect to 
amounts of cytochromes has been noted by a number of 
workers [10, 11]. The curves of Fig. 1 show that in the 
cytoplasmic membranes the cytochromes are partially 
reduced and that further reduction by succinic dehydro- 
genase at the expense of succinic acid does not result 
in an increase inheight of the peaks. A similar pheno- 
menon was noted for reduction by hydrosulfite. In ex- 
periments in which bacteria were aerated 1-2 hours 
prior to lysis, membrane preparations contained oxi- 


dized cytochromes as a result of exhaustion of endogenous 
substrates (Fig. 2), and it was then possibie to reduce 
them enzymatically in the presence of succinic acid. A 
comparison of the curves of Fig. 1 with curve 2 in Fig. 

2 shows that the spectrum obtained after enzymatic re- 
duction (Fig. 1) is similar to that in which reduction is 
complete (Fig. 2, curve 2). 
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Fig. 2. Absorption spectra of 
cytochromes of the cytoplasmic 
membranes; cytochromes in the 
oxidized form. Control cuvette 
contained buffer solution; 1) 
Without succinate; 2) with succinate. 





In preparations in which cytochromes are partially 
reduced, and also in those in which reduction is com- 
plete, no subsequent reoxidation of the cytochromes 
was observed; this may be a confirmation of the as- 
sumption previously advanced that theterminal link in 
the succinoxidase chain is inactivated during lysis. Re- 
duced cytochrome b can be oxidized by addition of 
oxidized cytochrome c (Fig. 3, 1). 
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Fig. 3. Oxidation of cytochrome b 
in the cytoplasmic membranes by 
cytochrome c. Control cuvette 
contained buffer solution 1) In the 
presence of 0.2 ml of cytochrome c; 
2) the same after washing; 3) washed 
material reduced with hydrosulfite. 
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The experiment was performed as follows: after 
membranes were washed four times, 0.6 ml of a solution 
of oxidized cytochrome c was added to 3 ml of a sus- 
pension prepared as described above, The reaction was 
allowed to proceed 30 minutes at 30°. A 1.2 ml aliquot 
of the suspension was removed and combined with 2 ml 
glycerin, a spectrum was then taken (Fig. 3, 1). The re- 
maining 2.4 ml was washed twice by centrifuging in buffer 
and the residue made up to a volume of 2.4 ml. A few 
crystals of hydrosulfite were added to 1.2 ml (Fig. 3, 3), 


and the other 1.2-ml sample served as a control (Fig. 3, 2). 


A comparison of the curves of Fig. 3 reveals that 
cytochrome c actually oxidizes cytochrome b, the a- 
band of which is not visible either before or after wash- 
ing out cytochrome c, Cytochrome b remains in the 
preparation after washing and can be detected upon 
reduction with hydrosulfite. No changes in the region 
of absorption by cytochrome a were observed after 
treatment with oxidized cytochrome c. 


DISCUSSION 


Micrococcus lysodeikticus is characterized by a 
high ratio of oxygen absorbed to amount of cytochrome 
[12], whichindicates the presence of an active cyto- 
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chrome oxidase. According to our earlier data, these 
bacteria contain a succinoxidase system which is im- 
paired to some degree by lysis. As is well known, suc- 
cinoxidase includes a number of components, among 
which are succinic dehydrogenase, cytochromes, and 
cytochrome oxidase. 

In this study it has been shown that in the cytoplasmic 
membranes, together with succinic dehydrogenase, there 
are present cytochromes b, c, and a. These observations 
are in agreement with those of Jackson and Lawton [9] 
for membranes of Micrococcus lysodeikticus, and also 
with those of Weibull and Bergstrom [13], who worked 
with membranes from Bacillus megaterium. 

The presence of both succinic dehydrogenase and 
cytochrome b indicates a stable connection between 
these two components. Singer and Lara [14, 15] found 
cytochrome b in purified preparations of succinic de- 
hydrogenase from Propionobacterium pentosaceum. 

The existence of a simple complex of a flavoprotein 
and cytochrome b has been noted by Green [16] for the 
electron transport particles of heart muscle mitochondria 
and also by Lundegardh [17] for wheat rootlets. 

The discovery of reduced cytochromes b and c in 
the membranes, the identity of their spectra with those 
obtained after enzymatic reduction of oxidized cyto- 
chromes, and the absence of a reoxidation of the re- 
duced cytochromes provide support for the previously - 
advanced hypothesis that the impairment of action of 
succinoxidase with cell lysis is due primarily to a dis- 
turbance of the cytochrome oxidase component. This 
is probably also the reason that membranes contain cy- 
tochromes in the reduced state. Apparently the oxi- 
dation system is disrupted during lysis and the cyto- 
chromes are reduced by substrates in the lysate. 

The impression arises that this system has lost the 
capacity to transfer electrons to oxygen. In order to 
partially restore the effect of the enzyme complex, 
oxidized cytochrome c was added as an intermediate 
electron carrier. Because of its high solubility, cyto- 
chrome c easily interacts with that part of the succin- 
oxidase complex remaining in the membranes, Under 
these conditions there is a reduction of exogenous cy- 
tochrome c and an oxidation of cytochrome b present 
inthe membranes, It is well known that cytochrome c 
also oxidizes other enzymes of lower redox potentiak 
in particular, succinic dehydrogenase. This is indicated 
by preliminary experiments on reduction of cytochrome 
c by a dialyzed and lyophilized supernatant solution 
obtained after removal of membranes. 


SUMMARY 


In the cytoplasmic membranes of Micrococcus 
lysodeikticus cells cytochromes b, c, and a have been 
detected. The presence of both cytochromes and succinic 
dehydrogenase indicates a localization of the entire suc- 
cinoxidase system in the membranes. Inhibition of suc- 
cinoxidase activity upon lysis of the cells is presumably 





linked with a derangement of the organization of the 
enzyme complex and an inhibition of the terminal link — 
~ cytochrome oxidase . 
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Beginning with 1942, the Wisconsin group of mi- 
crobiologists published a series of studies [1, 2] concerning 
Thiobacillus thiooxidans, The principally important 
moment in the results that were obtained was the follow- 
ing conclusion: in the absence of CO, the cells of Th. 
thiooxidans, during oxidation of sulfur, store up energy 
in the form of energy-rich phosphate bonds by utilizing 
the orthophosphate of the medium. Such cells, under 
the conditions that excluded oxidation of sulfur, acquired 
the ability to fix registerable amounts of carbon dioxide. 
Such fixation of CO, was accompanied by transformation 
of the esterified phosphate back into orthophosphate, 
which was then released by the cells into the medium, 

However, the studies of Baalsrud and Baalsrud [3, 4] 
with Th. thiooxidans, Th, thioparus and Th, denitrificans 
have cast doubt on the previous conclusions. These 
authors presented results according to which fixation of 
CO, could be observed only during the concurrent pre- 
sence of thiosulfate and oxygen, i.e., under conditions 
of normal processes of thiosulfate oxidation by the 
bacteria. Newburgh [5], by utilizing the isotopes pe 
and c% rechecked the results of Vogler and Umbreit 
He confirmed the ability of Th. thiooxidans cells to fix 
measurable amounts of carbon dioxide under conditions 
excluding oxidation of sulfur. However, Newburgh has 
also observed that the cells that were not previously 
held under aerobic condition in the presence of sulfur 
showed the ability toward CO, fixation. In this case, 
fixation of CO, by the cells was only somewhat lower. 
Of special importance in Newburgh’s experiments was 
the observation that during CO, fixation there could not 
be observed any release of inorganic phosphate into the 
medium. Aubert [6] and Milhaud [7] have likewise ob- 
served slight CO, fixation by suspensions of Th. denitri- 
ficans in the absence of thiosulfate and nitrate. 

The concept of Vogler and Umbreit evidently 
received support in the works of Belyaeva with hydrogen 
bacteria [8] and in the works of Sorokin with sulfate— 
reducing bacteria [9]. 

Less definite results were obtained by a number of 
authors in experiments with photoautotropes, As early 
as 1944 Emerson et al. [10] had attempted in experi- 
ments with Chlorella pyrenoidosa to observe uptake and 
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esterification of phosphorus in light in the absence of 
CO,. However, the observed changes in phosphate con- 
tent of the medium were so insignificant that on their 
basis it was impossible to come to any definite con- 
clusions, Likewise unsuccessful were the attempts of 
Aronoff and Calvin [11] who have observed that light 
has no noticeable effect on phosphorus metabolism of 
Chlorella vulgaris, However, the experiments of Gest 
and Kamen [12] with Phodospirillum Rubrum, Chlorella 
purenoidosa, Scenedesmus-Dg have completely and 
clearly shown that uptake and turnover of phosphorus in 
photos ynthesizing bacteria and water plants was greater 
in light than in darkness, Somewhat later Wintermans 
[13] was successful in showing that cells of Chlorella ac- 
cumulated polyphosphate in the light and in the absence 
of CO,. In the absence of CO,, according to Wintermans, 
ATP labile P was transferred to polyphosphates, Un- 
fortunately, Wintermans did not attempt to check a 
second, more controversial part of the proposition of 
Vogler and Umbreit—the possibility of subsequent fixa- 
tion of CO, in darkness and accompanying release of 
orthophosphate into the medium. It must be admitted 
that Umbreit's [14] presentation, concerning the presence 
of directed tie between CO, assimilation and utilization 
of labile phosphate bonds in photosynthesis, up to the 
present time did not receive any firm experimental 
proofs (at least not for photosynthesis, characteristic in 
type to green plants~ with production of oxygen). 

Wassink, Tjia and Wintermans [15] obtained more 
definite results while studying the photosynthesizing 
purple sulfur bacterium, Chromatium. These authors 
have observed changes in inorganic P comparable to such 
changes with Th, Thiooxidans [1]. 

It was proposed that photosynthesizing bacteria could 
serve as a suitable subject for solving of the question 
concerning the possibility of working out in time the 
processes of photophosphorylation and subsequent carbon 
dioxide fixation in darkness. 


MATERIALS AND METHODS 


The work was conducted with a pure culture of the 
green sulfur bacterium Chlorobium thiosulfatophilum. 
The culture was isolated from the top mud of the River 





Moscow; its physiological characteristics were described 
in previous work [16]. In the conduct of the experiments, 
whenever it was necessary to obtain a maximal harvest 
of cells for biochemical analysis, the cells were cultured 
on a medium of the following constitution: | NH,Cl, 
K,PO4, 0.01%; MgCl, ,0.05%; CaCl, ,0.02%;NaCl,0.1%; 
NaHCOq,0.5%; NayS‘9H,O,0.15%;NayS,O3,0. 4%. The 
medium was prepared with distilled water to which were 
added microelements in the following amounts: Fe*** 
504 g% (in the form FeCls-6H,O); B, 10.9% (Hg BOs); 

Co, 5u g% [Co (NO )y°6H,O]; Mn, 0.54 g% (MnSO,4'7H,0); 
Cu, 0.5 1 g% (CuSO4'5H,O); Zn,10u.g% (ZnSO,). The pH 
of the medium was 7.2, The cultures were grown under 
anaerobic conditions in a thermostat at 30° with constant 
illumination. 

The comparatively small additions of phosphate to 
the medium (0.01% instead of the usual 0.1%) were de- 
termined by the following calculations. In solving of 
the stated problem an important role was played by the 
choice of methodology and, first of all, by successful 
choice of the method for phosphate determination. It 
was found necessary to discard a number of methods 
(Fiske -Subbarow [17], Lowry and Lopez [18], Bosse [19]) 
which colorimetrically determine phosphate directly in 
an aliquot of the medium; this was due to the presence 
in the medium of #Wo factors interfering with the de- 
terminations: first, the presence of a large mass of pig- 
mented bacterial cells; and second, presence in the 
medium of oxidized sulfur compounds, mainly hydrogen 
sulfate, which made it difficult to make determinations 
even for parallel samples. The very sensitive extraction 
method of Weil-Malherbe and Green [20] was utilized. 
An insignificant modification of the method allowed 
determination of phosphorus in the samples within the 
limits of 0.5 - 30:g/ml. The low content of the intro- 
duced phosphate (0.01% KH,PO, - corresponding to 23 
ug P/ml) in the medium did not necessitate the dilution 
of the latter. In every case there were five paralled de- 
terminations of phosphorus and from the obtained values 
an average was obtained. Thiosulfate and hydrogen sulfate 
were determined by the iodometric method. Carbon 
dioxide was determined in Haldane’s apparatus; the hy- 
drogen sulfate of the medium was tied up to 10% H,SO, 
with 4% CUSO,. 

In the present study suspensions of resting cells were 
not utilized. All experiments were conducted on a 
culture of Chlorobium thiosulfatophilum, which was de- 
veloping in a medium described. 


DESCRIPTION OF EXPERIMENTS 


Larsen [21] observed slight, but rapid, uptake of 
CO, in darkness, following prior illumination of resting 
Chlorobium thiosulfatophilum cells in the absence cf an 
electron-donor, For this reason, it was found natural to 
begin the work with the study of this occurrence. The 
ability of green sulfur bacteria toward CO, fixation in 
darkness was studied on cultures in: middle of lg - growth 


phase (I), at the end of lg -— beginning of stationary 
phase (II), and finally in the middle of stationary growth 
phase (III), The structure of the experiments was as 
follows: in one part of the culture (A), of known growth 
phase, the amount of CO, in illuminatedmedium was 
determined, subsequently light was excluded and the 
CO, content was determined at definite time intervals. 
From the other part of the culture (B) CO, was removed 
by bubbling nitrogen for 10 min at pH 4.5- 5, The 
pH was then brought to 7.2 by a solution of NaOH and 
light was introduced for 4-18 hrs, Subsequently the 
culture was placed in darkness, CO, was introduced in 
form of bicarbonate and the CO, content was determined 
at the intervals of 15, 30, 45, 60 min,etc. The obtained 
results are presented in Table 1. 

Fixation of the material. In order to preclude 
possible changes in the bacterial mass, the culture was 
fixed rapidly: This was accomplished by adding to one 
volume of medium four volumes of 96% ethanol, Then 
the bacterial mass was separated by centrifugation and 
fixed in 96% ethanol for three hours, Following removal 
of ethanol the cells were worked over three times with 
sulfurous ether and dried in a vacuum desiccator over 
anhydrous gypsum, The material obtained in this fashion 
was utilized for analysis. In a typical experiment from 
170 ml of medium there were obtained approximately 
90 mg of fat-free cells. 

During the analysis of the bacterial mass the content 
of phosphorus compounds was determined in the acid- 
soluble and acid-insoluble fractions. 

Study of the acid-soluble fraction. In order to ob- 
tain the acid-soluble fraction, the bacterial mass was 
extracted for 60 min with 2% solution of perchloric acid 
at 0°. After centrifugation the cells were once again 
extracted with hydrochloric acid for 30 min, The ex- 
tracts were pooled together and immediately neutralized 
with a solution of NaOH, utilizing phenolphthalein as an 
indicator, and brought to the volume of 15 ml. In the 
acid-soluble fraction, obtained in the described way, 
determinations were made of the amount of polyphosphates 
[22] and of the amount of free nucleotides. 

Free nucleotides were determined in the following 
way. To 10 ml of the acid-soluble fraction there was 
added 0.1 volume of Carboraffin brand charcoal and 
were shaken in a shaker for 15 min. The charcoal was 
removed by centrifugation and washed three times with 
distilled water. The charcoal-absorbed nucleotides were 
eluted by shaking the charcoal for 15 min with a solution 
of 60% ethanol containing 0.5 ammonia. After centri- 
fugation the charcoal was once again washed with the 
alcohol-ammonia solution and the elutions with nucleo- 
tides in them,were pooled together. The obtained 
solution of nucleotides contained a considerable amount 
of foreign admixtures which adsorbed UV -light. In order 
to purify the nucleotides the anionic exchanger Dowex-2 
chloride (7% DVB), 300-400 mesh [23] was utilized. To 
the elution there was added resin in the ratio of 2 mg 
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to 1 g of the nucleotide, and it was then carefully shaken 
at room temperature for 30 min. After decantation and 
washing of the resin once, the nucleotides were eluted 
with 5 ml of 1 NHCl, The elution was conducted during 
20 min with careful shaking. After separation of the 

first elution, the resin was washed with 3 ml of 1 N HCl 
for 5 min and the second elution was added to the first, 
The solution obtained in this fashion contained nucleo- 
tides, the amount of which was determined spectro- 
photometrically (calculation formula [12] given below). 
The amount of labile-P nucleotides was judged by the 
amount of orthophosphate, which appeared in the medium 
following its heating at 100° for 7 min. 

Special experiments were conducted in order to 
clarify the nature of nucleotides of the acid-soluble 
fraction. The solution of nucleotides obtained after 
eluting with 1N HCl (8 ml) was neutralized and con- 
centrated to the volume of 0.5 ml, The concentrated 
solution was investigated by means of paper electro- 
phoresis [24]. Only one band appeared after develop- 
ment of the electrophoregram in UV-light and its 
position corresponded to nucleotides of the adenylic 
system, Bromination of the nucleotide solution [25] and 
likewise of the elution from the electrophoregram band 
has shown that the basic, if not the only, system in the 
acid-soluble nucleotide fraction in Chl. thiosulfatophilum 
was adenylic system, This allowed, during spectrophoto- 
metry, accepting the molar coefficient of extinction 
as equal to 15000 and the number of nucleotides in milli- 
moles/ mole (C) was calculated according to the formula: 


C= 


where E26, Ego) - extinction at 260 and 290 mp re- 
spectively. 


Study of the acid-insoluble fraction, In the remnant, 
left over after removal of acid-soluble compounds, de- 


terminations were made of polyphosphate and nucleotide 
contents. Hydrochloric acid in the remnant was removed 
by 96% ethanol, and then the material was extracted for 
40 min at 37° with an alcohol-ether mixture (3:1) in 
order to remove lipids. Alkaline hydrolysis was con- 
ducted according to the technique of Schmidt and 
Thannhauser [26], which was proposed for separation of 
DNA and RNA, The amounts of DNA and RNA obtained 
by the alkaline hydrolysis were determined spectro- 
photometrically [27]. 


The polyphosphate content of the acid-insoluble 
fraction was determined by the indirect method: At the 
end of alkaline hydrolysis and DNA precipitation by 
acidification of the solution, the contained RNA, poly- 
phosphates etc,, were hydrolyzed in 1 NHC) for 7 min 
at 100°. It was assumed that the whole (if not at least 
90%) amount of the orthophosphate, which appeared after 

hydrolysis, belonged to polyphosphates, Of course, first 
during alkaline and then during acid hydrolysis some of 
the nucleic acid phosphorus will become mineralized, 
and this could give somewhat higher results during de- 
terminations of polyphosphates in acid-insoluble fraction 
nucleotides, This error could be ignored partly because 
it did not interfere with the solution of the problem and 
partly due to closeness of the polyphosphate data, as ob- 
tained by this method, to previously described data for 
polyphosphates of the acid-insoluble fraction [22]. 


RESULTS 


In Table 1 are presented results concerning CO, 
content in the culture medium following the transfer of 


Chlorobium thiosulfalophilum culture from light into 


darkness. 


TABLE 1. Changes in Carbon Dioxide Content in the Medium Following Transfer of the Chlorobium Thiosolfatophilum 
Culture From Light into Darkness (mmoles/ml). A) Light and darkness incubation under conditions of common culture 
medium. B) incubation in light after removal of CO, from the medium and incubation in darkness after addition of 
bicarbonate. Figures in parenthesis — length of incubation in hours. 


Growth phases of the culture before 


after re- 
moval of |CO, in 
CO, darkness 


Condition of expt 


Middle of logarithmic 
phase 

End of logarithmic 
phase - beginning 

of stationary phase 


Middle of stationary phase 


O>wO> ws wd wD 


In darkness (after addition of NaHCOg in 
In light experiments B) after (minutes) 


co Gee uae 


ptake 
in 


of C 


Mao u 
darkness 


15.0 = 15.8 
15.3] 15.1 | 14.9 _ 14.8 | 15.3 
* = 16.4 16.5 | - > 
25.6 | 25.5 | 25.3 Se 25.5 
—- |14.2 | 14.8 = - 
23.9 | 23.7 | 23.5 23.9 24.3 
= = 10.9 = 
31.5] — 31.1 ¢ = 
- 1.2 1.4 m3 = 
18.1 17.8 





Examination of the data in Table I shows that 
following the transfer of the culture from light into 
darkness (experimentsA), the CO, content of the medium 
was increased due to its production by the cells, In 
experiments B (prior illumination of the cultures in the 
absence of CO, ) transfer of cultures from light into 
darkness (with introduction of bicarbonate into the 
medium) caused in the beginning a short-term (15-60 
min) drop in the CO, content; subsequently the amount 
of carbon dioxide increased, The indicated lowering 
of the CO, content of the medium could be explained 
by CO, fixation in darkness by the cells of Chlorobium 

thiosulfatophilum. Comparison of the results obtained 
in experiments A and B allowed us to conclude that up- 
take of CO, in darkness is observed only in cultures 
preliminarily illuminated in the absence of CO), Be- 
sides this, increase in light exposure interval in the 
absence of CO, evidently did not lead to a subsequent 
increase in CO, fixation in darkness. Most marked 
CO, fixation was observed, evidently, in cultures being 
in the lg-growth phase. However this cannot be com- 
pletely relied on, since the absolute CO, fixation 
values in all cases were exceptionally small(of the 
order of 0,5 millimoles/ ml). 

Experiments concerning phosphorus metabolism in 
Chl, thiosulfatophilum were conducted on cultures 
which were at the end of the logarithmic growth phase. 
The interval of culture illumination, in the absence of 
CO, to the time of their transfer into darkness, as a rule 
did not exceed seven hours, The only exceptions were 
those experiments in which special observations were 
made on the changes in medium orthophosphate during 
long-term illumination of the bacterial cultures in the 
absence of CO,. In this case, the first determinations of 
medium orthophosphate were made immediately after 
CO, expulsion from the medium and placing of the cul- 
tures in light. Subsequent phosphorus determinations, 
which were made during definite time intervals while the 
cultures were in light and after they were transferred into 
the darkness with CO, revealed a number of interesting 
principles (Table 2). 


Thus, in light in the absence of CO, there was ob- 
served a slight but distinct lowering of phosphate in 
the culture medium (experiments 1 and 3). Under these 
conditions the major part of phosphate was utilized by 
the cells during the first 1-2 hours. In subsequent 2-3 
hours utilization of phosphate dropped rapidly and then 
phosphate was released by the cells into the medium 
(experiments 2 and 3), 

On the other hand it is important to point out that 
at the time of CO, fixation in darkness or immediately 
after cessation of fixation(period of one hour with 
culture in darkness) there could be observed a release 
of small amounts of orthophosphate by the cells into the 
medium. However, in all of the experiments, the 
amount of orthophosphate released during CO, fixation 
in darkness was always smaller than the amount taken 
up from the medium during the preliminary illumination 
of the culture in the absence of CO,, 

The last fact calling attention to itself was the 
observation that concurrently with utilization of phos- 
phate from the medium by the cells in light and in 
the absence of CO, there took place a slight (in order of 
mmole/ liter oxidation of thiosulfate. The ob- 
tained results allowed us to pose the following question: 
Into what compounds was orthophosphate included 
when it was absorbed by the cells in light ? 

In all experiments it was noticed that during the 
time of illumination, in the absence of CO), the 
cultures began gradually (and in some experiments 

very rapidly) to acquire a chlorine-color shade, and 
following prolonged illumination it yellowed, Evidently, 
the observed yellowing of the culture was in some way 
related to changes in cellular pigments. Solution of 
these questions necessitated "a look inside of the cell” 
and the control of a number of systems and compounds, 
which could be responsible for the observed changes 
in the cultures of Chl. thiosulfatophilum; 

Earlier during the study of polyphosphates of the 
photosynthesizing bacterium [22] it was shown that al- 
most all of the phosphorus of the bacteria studied (in 
Chlorobium thiosulfatophilum - about 90% of the 


TABLE 2 Changes in the Intracellular Content of Various Forms of P, Free 
Nuceloeotides and Nucelic Acid of Chl. Thiosulfatophilum Culture Medium 


During Transfer from Light Incubation, In the Absence of CO, to Darkness 
With Addition of Bicarbonate to the Medium. 


Substan- 
No.o 


experi-| studied 
ment 


1 |p 


11,8 


Time of illumination, in hours 


11,6 


After 1 hr. 
darkness (in 
period of CO, 
fixation). 


rt 
e 


414°] 14,8 


8,0 





intracellular phosphorus, not counting orthophosphate) 
belonged to polyphosphates and nucleic acids, For this 
reason in the present work, during the analysis of the 
bacterial mass, the contents of polyphosphates, nucleic 
acids and free nucleotides were determined in every case, 


P-acid-soluble 


|P -polyphos- 


Total P -ortho- 


p phosphate phate 


1,00 | 0.20 | 0.312 | 


Comparison of these data with results in Table 2 
shows that a change in phosphate content of 0.5 yg 
P/ml in 170 ml of the medium should produce an in- 
tracellular change in phosphorus content of about 80 
-an amount well registered by the chosen method, 
Eighty micrograms of P in a harvest of 80 mg of bacteria 
(dry weight) from 170 ml of medium comprises 0.1% 

P by weight - a quantity which determines well the 
tendency in the intracellular distribution of phosphorus, 

During solving of the basic problem - determination 
of the sites of phosphorus inclusion during illumination 
and identification of phosphorus sources during CO, 
fixation in darkness ~ it was necessary to follow the 
intracellular distribution of phosphorus in bacteria 
fixed at critical points of the experiment (Table 3). 

It appeared interesting in one case to limit the 
time of illumination in the absence of CO, to four 
hours ( a time interval during which there takes place 
noticeable utilization of medium phosphate: experi- 
ment 1, Table 3), in another case - increase the time 
of illumination to eight hours (when a certain amount 
of inorganic phosphate is being released by the cells 
into the medium: experiment 2, Table 3), Analyses 
were conducted on the material fixed at the “critical” 
points (A,B,V, Table 3), In every case in the acid- 

soluble fractionthere were determined polyphosphates, 
labile ATP phosphorus and the amount of free nucleo- 
tides, in the acid-insoluble fraction - the content of 
polyphosphates and nucleic acids (RNA and DNA). 


Analysis of phosphorus compounds of Chl, thio- 
sulfatophilum at the end of lg-growth phase (a separate 
experiment) gave the following results (in % of dry 
weight of fat-free bacterial mass): 


P -acid-insoluble 


| P-poly- 
| phosphates 


P-ATP P-nucleic 


0.013 | 0.105 | 0.43 


Examination of data in Table 3 shows that during 
illumination, orthophosphate from the medium was 
incorporated into polyphosphates of the acid-soluble 
fraction, During CO, fixation in darkness by the cells, 
there took place some lowering in the polyphosphate 
content, The level of adenylic system labile P re- 
mained unchanged during the observed changes in 
polyphosphate content, 


Comparison of results from experiments 1 and 2 
(Table 3) shows that .with the increase in culture il- 
lumination time in the absence of CO, ,there took place 
a sharp drop in cellular NA content. Comparison of 
this fact with some increase in the content of inorganic 

P in the medium, in experiments with prolonged il- 
lumination of the culture (Table 2, experiment 3) lets 
us assume that autolytic processes began in the cultnre, 
It should be mentioned that CO, uptake in darkness was 
observed at the beginning of autolysis, and the latter 
evidently did not have noticeable influence on the 
character of changes in the polyphosphate content, under 
the conditions of the experiment. 


Spectrophotometric studies of extinction of the pig- 
ments extracted with 80% ethanol from bacterial cul- 
tures up to (A) and after (B) illumination of the culture 
for 4 hrs (experiment 1, Table 3) has shown (Illustration) 
that during illumination in absence of CO, there took 
place a strong drop in the maximum extinction of 
chlorobium-chlorophyll (in the region of 660 my) with 


TABLE 3 Changes in the Intracellular Content of Various Forms of P, Free Nucleotides 
and Nucleic Acid of Chl. thiosulfatophilum Culture During Transfer From Light Incuba - 
tion in the Absence of CO,, to Darkness Incubation with Bicarbonate Added to the 
Medium. (In % of dry weight of fat-free bacterial mass.) 


Acid-soluble fraction 


ATP <4 


0,018 
0,018 
0,020 
0,026 
9,021 
0,022 


Moment of Acid-insoluble fraction. 


material 
fixation 


No.of 
experi 
ment 


polyphos- 
phate -P 


free nuc- 


olyphos- 
leotides oe 


DNA 
phate - P 


| RNA 
1 0,212 
0,404 
0,370 
0,264 


0,390 
0,364 


0,135 
0,136 
0,139 
0,051 
0,055 
0,055 


0,125 
0,102 
0,103 
0,103 
0,027 
Q ,U24 


3,37 
3,33 
3,21 
3,43 
2,00 
2,00 


0,80 
0,83 
0,89 
0,73 
0,51 
0,55 





Extinction spectra of Chlorobium thiosulfatophilum 
pigments extracted with 80% ethanol, prior (1), and 
after (2), illumination in the absence of CO, 


a concurrent increase in the maximum of extinction in 
the region of carotenoids (410-420 my). 


DISCUSSION 


It is convenient to begin the discussion of the re- 
sults with examination of the proposed scheme for phos- 
phorus participation in the process of bacterial photo- 
synthesis, 


Pigment ATP H,S 
H-OH (2) 


*% ADP 


edit esis O 


ial 


U~U~ OO OO 


The principally important side of the question pre- 
sented by Vogier and Umbreit was whether phosphorus 
compounds enter into an energy bond as chemical inter- 
mediates between processes of oxidation and carbon 
dioxide assimilation, and at the present time it is solved 
in the affirmative formation of energy-rich phosphorus 
compounds in light (photophosphorylation), as has been 
shown for the photosynthesizing bacteria by a number 
of authors [28-30], Photophosphorylation took place in 
the presence of oxidized sulfur compounds 

This is in good agreement with results of the pre- 
sent experiments, in which uptake of orthophosphate by 
Chl, thiosulfatophilum cells in the light and in absence 
of CO, was accompanied by oxidation of thiosultate 
(Table 2). 


Of special interest is the study of participation of 
polyphosphates in the process of bacterial photosynthesis, 
The results obtained in the present study, evidently, 
let us look upon polyphosphates as a reserve of sur- 
plus macroenergy bonds (the so called "phosphagens"), 
It is possible that the conditions of experimental 
structure expedited the one-sided clarification of the 
role of polyphosphates in the intracellular phosphorus 
exchanges. In agreement with presentations developed 
by a number of laboratories{31, 32],polyphosphates of 
the acid-insoluble fraction are physiologically active 
(i.e., take part in synthetic processes), and polyphosphates 
of the acid-soluble fraction - physiologically inactive. 
In the present experiments (Table 3) during illumi- 
nation orthophosphate was incorporated exclusively into 
polyphosphates of the acid-soluble fraction, This could 
be explained in the following way: Since in the absence 
of CO, supply, in photoautotropes all cellular synthesis 
practically ceased, the polyphosphates formed in the 
acid-insoluble fraction were transferred in the acid- 
soluble fraction in the form of physiologically inactive 
polyphosphates. However, lowering of the polyphosphate 
content in the acid-soluble fraction during CO, fixation 
in darkness, evidently, specifically points to the pos- 
sibility of rapid mobilization of phosphate-bond energy, 
by the surviving cell, in tue form of physiologically in- 
active polyphosphates, An impression was created that 
polyphosphates were some sort: of a “difficult-to-utilize” 
reserve ;at least, in darkness ,as well as during CO, 
fixation there was always only a partial destruction of 
the polyphosphates formed during illumination. It is 
possible that this “difficulty in utilization” (which was 
underlined for Chlorella by Wassink [33], who compared 
the accumulation and utilization of polyphosphates with 
formation of cellular starch) could be explained by 
activation by light of the enzyme, that transferred 
labite P from polyphosphates to ADP. 

Absence of changes in the content of ATP labile 
P agrees with the fact that the adenylic system (ATP- 
ADP) indirectly not participating in the CO, fixation 
process is,in its own way ,a chemical intermediate in 
the traasfer of orthophosphate into polyphosphate: 


PO, + ADP = ATP (1) 


ATP +- (POs )n = (POS )n41 + ADP (2) 


At this the equation constant of the reaction (2) 
must be of a considerable value (higher than one), as 
a result of which the reaction is displaced to the right. 
Equation constant of the reaction (1) must be consider- 
ably less than one, since the reaction is displaced 
strongly to the left. Displacement of the reaction (1) 
to the right iswholly determined by the supply of energy 
in form of energy taken up by the pigments from light 
quanta, Thus it is possible, that the change observed 
above in the state of pigments (see figure) can be looked 
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upon as a Cellular reaction directed toward exclusion 
of a definite part of pigments from their participation 
in the reaction of photophosphorylation, 

It appears that results obtained in the present study 
support the principal side of the concept advanced by 
Vogler and Umbreit in 1942. 


SUMMARY 


Experiments conducted with a pure culture of the 
green sulfur bacterium Chl, thiosulfatophilum have 
shown that CO, fixation in darkness (of the order of 0.5 
millimoles/ ml in 30-60 min) was observed only after a 
preliminary 4-18 hours illumination in the absence of 
CO,. During illumination of the culture in the absence 
of CO,, there was utilization of the medium phosphate 
by the culture, then it was esterified and incorporated 
into polyphosphates of the acids-soluble fraction. Phos- 
phorylation was accompanied by oxidation of the medium's 
thiosulfate. 

Upon illumination and addition to the culture of 
CO, in the form of bicarbonate (at the moment of 
CO, fixation in darkness) there was a drop in the con- 
tent of acid-soluble fraction polyphosphates and this 
was correlated with release, by the culture, of ortho- 
phosphate into the medium. 


It was shown that in the acid-soluble fraction of 
Chl, thiosulfatophilum was found only the adenylic 
system. In the course of phosphorylation in light in 
the absence of CO, and subsequent fixation of CO, in 
darkness, there were no noticeable changes in the 
content of ATP labile phosphorus, This presumably 
excluded the possibility of looking upon ATP as a 
donor of cellular labile P and pointed to the parti- 
cipation of the adenylic system only as a mediator in 
the transfer of labile P to other systems (primarily 
to polyphosphates), 

Explanation of the observed correlations in intra- 
cellular distribution of phsophorus is given in the 
scheme described above, and it shows the possible 
participation of phosphorus in the process of bacterial 
photos ynthesis, 
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In a recently published work [1] it was announced 
that tissues of the white-head cabbage contained con- 
siderably high quantities of tanning substances;in that 


number were free polyphenols. The latter were basically 


represented by phloroglucinol, i.e., a compound with 
meta-placed hydroxyls. From among a number of poly- 
phenols, cabbage tissue was able to oxidize, in the pre- 
sence of atmospheric oxygen, only one polyphenol, 
phloroglucinol. 

Since cabbage tissues do not possess a polyphenol 
oxidase— an enzyme oxidizing polyphenols with the 
help of molecular oxygen—it was of interest to study in 
greater detail the question concerning oxidation of 
phloroglucinol. 


METHODS 


Living plant tissues,as well as isolated enzyme pre- 
parations were utilized. It was established that the 
ability of cabbage tissue to oxidize phloroglucinol was 
at a maximum at alkaline pH (Fig. 1). But since under 
these conditions polyphenol oxidation could be ac- 
complished by nonenzymatic means, it was decided 
to conduct the study at a pH inherent to cabbage tissue. 

Enzyme activity was determined by measuring 
oxygen consumption in a Warburg apparatus at 30° in 
0.066 M phosphate buffer, at a pH of 6,24, Substrate 
concentration—0.01M, Peroxidase activity was de- 


termined by the method of Boyarkin [2]. Enzyme activity 


was calculated in terms of units per 1 g of wet weight 

of tissue studied, or per 10 mg of enzyme preparation. 
Besides a commercially available peroxidase (Lait) 

the following enzyme preparations were utilized: a 


Fraction O, /g per hr 


Microliters of consumed 


na ld 


5 7 6 pw 9 


Fig. 1. Influence of pH on 
phloroglucinol oxidation by 
cabbage tissue. 


preparation of potato [3] polyphenol oxidase (PPO), pre- 
paration of horseradish peroxidase [4] and an enzyme 
preparation from cabbage. A ‘micromethod was utilized 
for the determination of enzyme protein [4]. 

In order to isolate the phloroglucinol-oxidizing 
cabbage enzyme, it was first of all necessary to study 
the localization of this enzyme in structural components 
of the cell. Fractionation was conducted by the method 
of differential centrifugation. A homogenate was pre- 
pared from cabbage leaves together with phosphate 
buffer, pH 7,1, and glucose; it was freed from nuclei, 
cellular wall particles, etc., by centrifugation at 
25 g. Plastids were isolated at 3000 g, mitochondrial 
fraction - 10,000 g. 

Determination of phloroglucinol oxidase (PO) ac- 
tivity in different cellular fractions gave the following 
results: 


Percent in terms of 
original solution 


Original solution 2017 
Plastids 24 1.2 
Solution after plastid removal 1956 97 
Mitochondria 18 0.9 
Solution after mitochondrial removal 1805 90 


100 





These data show that plastids and mitochondria ac- 
counted only for 2.1% of total enzyme activity. It 
cannot be denied that even this insignificant activity 


could have been accomplished by incomplete removal 
of cytoplasm from the plastid and mitochondrial surface. 
After establishing that the major part of the enzyme 

was in a soluble state, the enzyme was isolated in the 
following way. 

The cabbage was minced in a meat grinder, the 
mash was squeezed out and thrown away. The obtained 
juice was centrifuged at 3000 g for 20 min. The centri- 
fugate was precipitated with two volumes of chilled 
80% ethyl alcohol, A light yellow protein precipitate 
appeared after the solution was refrigerated overnight. 
The supernatant was decanted, the precipitate was cen- 
trifuged in cold, thoroughly washed with chilled solution 
of ethyl alcohol and then with sulfurous ether, and then 
dried in a vacuum, 

Washing of the precipitate with sulfurous ether, is 
an especially important operation, for it removes well 
the free polyphenols and,evidently products of their 
oxidation, After washing, the ether acquired a bright 
yellow coloring, characteristic of phloroglucinol oxi- 
dation products [5]. 


RESULTS AND DISCUSSION 


From the data presented in Table 1, it is evident 
that the enzyme preparation prepared by the above - 
described method. was free of ascorbic acid oxidase and 
cytochrome oxide, enzymes which are characteristic 
for cabbage tissues [6]. The isolated enzyme preparation, 
as well as cabbage suspensions, were unable to oxi- 
dize various polyphenols, with the exception of phloro- 
glucinol, a polyphenol which has itshydroxyls located in 
meta position, 

Since the method employed excluded the possibility 
of participation by ascorbic acid oxidase and cytochrome 
oxidase in phloroglucinol oxidation, it could be stated 
that cabbage tissues contained a specific oxidase, oxi- 
dizing phloroglucinol. Such a conclusion was supported 
by the observations of Popov [5], who observed oxidation 
of phloroglucinol by acetone preparations from tea leaves, 
preparations of potato and mushroom (Boletus scaber) 
polyphenol oxidase, Suzuki [7] has likewise described 
oxidation of phloroglucinol by a polyphenol oxidase 
preparation from earth roots of Scopalia japonica, To- 
gether with this, as a result of a number of investigations, 
it was accepted as proven that cabbage tissues did not 
possess a polyphenol oxidase [6, 8]. 

In agreement with the views of Kursanov and 
Zaprometova [9], polyphenols with meta-placed hydroxyl 
groups ( phloroglucinol is one of these) are inert in re- 
spect to oxidation-reduction changes and partly stable 
in relation to oxidative enzymes. These authors proposed 
that oxidation of phloroglucinol in plant tissues occurs 
via orthoquinones, which could be formed from phenols 
present in the plants. One of such phenols could be 
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TABLE 1, Oxidation of Various Substrates by a Cabbage 
Suspension (A) And an Enzyme Preparation (B) 


O, uptake in p 1 per 


Substrates 


Ascorbic acid 

Cytochrome and hydroquinone 
Hydroquinone 

Resorcinol 

Gallic acid 

Chlorogenic acid 

Pyrogallol 

Pyrocatechol 

Phloroglucinol 


eooeoeood oe Oo OS 


pyrocatechol, some representatives of which (caffeic 
and chlorogenic acids) are widely distributed in the plant 
kingdom, 

Insignificant amounts of chlorogenic and caffeic 
acids were observed in cabbage tissues [1]. Special ex- 
periments were conducted in order to clarify the pos- 
sibility of orthoguinone participation in phloroglucinol 
oxidation by cabbage tissues, Results of these experi- 
ments are shown in Table 2, 

Data in Table 2 show that added pyrocatechol and 
chlorogenic acid had no influence on respiration of the 
living tissue, but completely inhibited phloroglucinol oxi- 
dation, These facts leave no doubt that,in cabbage 
tissues phloroglucinol oxidation was accomplished with- 
out the participation of orthoquinone ,and that the latter 
acts as an inhibitor of meta-phenol oxidation, It should 
be noted that phloroglucinol oxidation by cabbage 
enzyme preparation was likewise inhibited by pyro- 
catechols and chlorogenic acid, 

Oxidation of phloroglucinol by cabbage slices and 
by enzyme preparation isolated from it was depressed 
by inhibitors of metal-containing enzymes (Table 3). 
This was expressed very rapidly by sodium azide 
and by sodium diethyl dithiocarbamate (DDC-Na), which, 
as is well known,depresses only the activity of copper- 
containing enzymes. Popov [5] has observed DDC-Na 
inhibition of phloroglucinol oxidation by acetone pre- 
paration from tea leaves. 

In this fashion, the data from inhibitor experiments 
likewise let one suppose that the isolated oxidase was 
a copper-bearing enzyme,and,more precisely,a poly- 
phenol oxidase (PPO), for it was not endowed with as~- 
corbic acid oxidase activity (Table 1). However, to 
make such a conclusion was considered premature. First 
of all, in difference to ascorbic acid oxidase and cyto- 
chrome oxidase, which have narrow specificity toward 
substrates, polyphenol oxidase is less specific and is able 
to oxidize not only a series of phenols, but also their 
precursors. (Absence of strict substrate specificity for 





TABLE 2, Oxidation of Various Substrates By Cabbage 
Slices (A) and An Enzyme Preparation (B) 


cacao 


O, uptake in pl per 


Substrates 


Without substrate (control) 
Pyrocatechol 

Chlorogenic acid 

Phloroglucinol 

Phloroglucinol + pyrocatechol 
Phloroglucinol + chlorogenic acid 


PPO was shown by Shubert [10] for tea-PPO, by Waggoner 
and Dimond [11] for potato - and tomato - PPO Second, 
the isolated preparation, besides phloroglucinol oxidation, 
was able to oxidize polyphenols in the presence of hy- 
drogen peroxide, i.e., it possessed peroxidase activity. 
Due to the fact that the nature of the isolated enzyme 
is still unclarified, this enzyme will be referred to as 
cabbage enzyme preparation (CEP). 

A question arose as to whether the isolated enzyme 
preparation was a mixture of two oxidative enzymes 
with separate protein and active groups (specific meta- 
phenolase and peroxidase) or whether it was one cata- 
lytically active protein, possessing two or more active 
groups. 

It was also necessary to check as to what degree 
was phloroglucinol oxidase (PO) activity distributed in 
plant tissues and whether it was correlated with per- 
oxidase activity. For this reason concurrent determi- 
nations of PO and peroxidase activities were carried 
out in a number of plant objects. Results of these ex- 
periments are shown in Table 4. 

Table 4 shows that the presence or absence of 
PO activity, as a rule, followed the presence or absence 
of peroxidase activity in the tissue. Together with this, 
the relation between the two named enzyme functions 
varied in different plants. 


Relatively high phloroglucinol oxidation activity 
was possessed by cabbage, horseradish and cucumber 
tissues, i.e., by such plant tissues which, according to 
the concept of Szent-Gyorgyi, belong to the peroxidase 
(12]. High PO activity was also observed in the green 
parts of the plants. 

Attention should be directed to the relatively high 
level of phloroglucinol oxidation by young barley sprouts, 
which, according to the data of Kolesnikova and 
Emenova [13], do not possess a polyphenol oxidase. The 
highest peroxidase activity was observed in horseradish 
and the colored part of lemon peel,only in geranium 
leaves and in onion bulbs were the two enzyme functions 
absent. Thus, in all of the plant tissues studied, the 
ability to oxidize phloroglucinol in the presence of 
atmospheric oxygen was observed together with peroxi- 
dase activity. 

It is known that enzyme activity of plant objects 
is not stable but changes, depending on a whole row of 
conditions (age, conditions of cultivation and others). 
Growth changes in PO and peroxidase activity were 
studied in wheat leaves during seed germination. For 
these experiments wheat was germinated on filter paper 
at room temperature. The data are presented in Table 5. 

First of all, it should be noticed that during the 
whole observation period the peroxidase and PO acti- 
vities were high, and both of these functions were acti- 
vated with the growth of the leaves, Characteristically, 
peroxidase and PO activities in the leaves of wheat, 
during its germination, were increased synchronously to 
a sufficiently high degree. Thus, in comparison with 
five-day seedlings, in the 10-day seedlings it was in- 
creased by 70-80%, and in the 20-day ones by 141-142%, 
As the result, during the whole duration of the experi- 
ment there was no change in the relation between PO 
and peroxidase activities. 

It is of interest to compare the data from present 
observations with data from the literature. It is known, 
for example, that Waygod [14] and Kiraly and Farkas 
(15] were not able to find polyphenol oxidase in wheat 


TABLE 3. Action of Inhibitors on Phloroglucinol Oxidation By Slices and Enzyme 
Preparation From Cabbage 


kel. Sean 


Concentration 


Inhibitor —_|of inhibitor M|H1 O2 uti- 


lized/g per |%>inhibition| lized /g per 


hour 


Without inhibitor = 
DDC-Na 0,005 
NaNg 0.00 5 


abbage slices 


Cabbage preparation 


H1 Op, uti- 
% inhibition 
hour 





TABLE 4, Phloroglucinol Oxidase and Peroxidase leaves, Sokolova and Savel’eva [16] have shown that 
Activities of Various Plant Objects PPO activity of wheat leaves appeared at low experi- 
ete ee ae , mental temperatures. It was found recently by Kiraly 
PO activity} Peroxidase (17] that leaves from rust-resistant wheat could oxidize 
Plant Objects in . te. activity, gallic acid. Determination of phloroglucinol and gallic 
ee ©/8 aan © acid oxidation( liters OQ, uptake /g per hr) by sus- 
--—-- pensions of wheat leaves in the present experiments 
Cabbage (head leaves) 2251 gave the following results: 
Horse radish (roots) 1470 Substrate Expt. I Expt. II 
Cucumber (fruit) 918 Gallic Acid 58 112 
Potato (tuber) 98 Phloroglucinol 348 m4 
Radish (fruit) 47 
Lemon (peel) 31 
Orange (peel) 18 
Onion (bulb) 0 
Barley (10-day old sprouts) 1149 
Wheat (10-day old sprout leaves) 376 
Onion (tops) 860 
Tea (leaves) 675 
Sugar beet (leaves) 395 
Potato (leaves) 379 
Cotton (leaves) 128 
Geranium (leaves) 0 


Thus, the ability of wheat leaves to oxidize gallic 
acid was 5-6 times lower than the ability to oxidize 
phloroglucinol, 

Working with wheat leaves, determinations were 
made of the dependency of PO and peroxidase activity 
on pH. It was determined that, with an increase in pH 
from 4,94 to 6.24,both enzyme functions were increased 
approximately two-fold, There again attention is 
called to the fact the intensification of activity occurred 
in both cases with equal intensity - synchronously. All 
of these facts serve as the basis for the proposition that 
peroxidase activity and the ability to oxidize phloro- 
TABLE 5, Changes in PO and Peroxidase Activity of glucinol are characteristics inherent to the same enzyme. 
Wheat Leaves During Sprouting Experimental study of this principally important ques- 

33 a tion necessitated foregoing work with the living cell 
Peroxidase and to transfer the study to isolated enzyme preparations. 
activity The study of the properties of the enzyme obtained 
from cabbage tissues was initiated by comparing it 
with potato PPO preparation, horseradish, peroxidase 
utilized} 4, units (g) % | peroxidase and peroxidase purchased from Lait (crystalline perox- 
activity idase). 

Figures in Table 6 show that the potato enzyme 
preparation oxidized a number of polyphenols, among 
them phloroglucinol, which was oxidized at a rate 
second only to pyrocatechol. 

It was of interest that peroxidase isolated from 
horseradish and crystalline peroxidase were quite 
similar to one another. Both of these preparations, 
as with the cabbage enzyme preparation (Table 2), 
oxidized, from among the substrates tried only phloro- 


PO activity 


PO activity 


100 

104] 52 
180 | 92 
214 | 104 
203 | 104 
242 | 130 


TABLE 6, Oxidation of Various Substrates by Enzyme Preparation, 
Uptake in 1 O, per 10 mg per Hour 


Potato 


Substrates 


Ascorbic acid 
Gallic acid 
Chlorogenic acid 
Pyrogallol 
Pyrocatechol 
Resorcinol 
Phloroglucinol 





—— —— 


Enzyme preparation 


lfor pre- 
‘paration 


CEP (cabbage enzyme 
preparation) 

PPO - potato 

Peroxidase - horse radish 

Crystalline peroxidase 


glucinol; the intensity of the latter's oxidation by pre- 
parations from cabbage, horseradish and also by crys- 
talline peroxidase, were quite pronounced. The ability 
to oxidize phloroglucinol was correlated in all of the 
preparations studied with peroxidase activity (calcu- 
lations of enzyme activity in the given experiments 
were conducted on 10 mg of preparation and on 10 mg 
of its protein). 

Continuing the comparative studies on the prop- 
erties of enzyme preparations, determinations were 
made of changes in PO and peroxidase activity in CEP 
and crystalline peroxidase in relation to changes in 
medium pH, For this purpose,0.066M phosphate buffer 
was utilized, Results of these determinations are pre- 
sented in Fig. 2. 

From the literature it is known that peroxidase 
activity remains unchanged within. the pH limits of 
4,0 and 11.0 [18]. The data obtained by the present 
authors have likewise shown that peroxidase properties 
of CEP and of crystalline peroxidase remained practi- 
cally unchanged within the pH limits of 4.0 and 8.0 
(Fig. 2), Characteristic pH-dependency curves were 
obtained for both preparations during phloroglucinol 
oxidation. Optimum pH in both cases was at about 
7.8. During elevation of the pH from 5.0 to 7.0, 
phloroglucinol oxidation was increased four-fold by 
CEP, as well as by living cabbage tissues (Fig. 1). 

A 
B 


we | 66? Oe 


80 pH 50 60 pH 

Fig. 2. Influence of pH on peroxidase and phloroglucinol 
oxidase activity of enzymes. A, Crystalline peroxidase 
B, Enzyme preparation from cabbage 1) Peroxidase 
activity in relative units (10 mg):2) Phloroglucinol oxidas 
activity in 1 O, utilized/10 mg per hour. 


|PO activity in uptake Peroxidase activity in 
\of O,/10 mg/hour relative units (10 mg) 
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From the curves in Fig, 2 it is also evident that 
PO activity of the crystalline peroxidase was not ex- 
hibited at a pH lower than 5, and only at a pH value 
higher than this was the enzyme capable of oxidizing 
phloroglucinol. In the CEP this ability was exhibited 
at a lower pH, It is possible that the high PO activity 
of the enzyme in the alkaline region was related to 
changes in the valence of hematin, which, according 
to data in the literature [18], could take place in plant 
peroxidase in an alkaline medium. 

The data brought out above show that the enzyme 
isolated from cabbage had many properties in common 
with peroxidases. In difference to potato PPO, the pre- 
sent preparations oxidized from among the polyphenols 
only one,-phloroglucinol, Besides this, the CEP possessed 
peroxidase activity. Peroxidase activity of both enzymes 
was not dependent on pH of the medium. Phloroglucinol 
oxidation by these enzymes was characterized by one 
and the same dependency on hydrogen ion concentration. 
The reaction optimum for both enzymes was found in 
the alkaline region at about 7,8. In an acid medium 
PO activity was not affected for CEP or for crystalline 
peroxidase, 

Everything that has been reported above permits us 
to make the proposition that phloroglucinol oxidation 
by living tissue and enzyme preparations was one of 
the functions of peroxidase catalytic activity. This 
question needs further and more thorough study. 

Bakh and Vilenskii [19] have found that peroxidases 
possess relatively high thermostability. This was further 
supported by other investigators [20]. It was established 
that peroxidase within plant objects was inactivated 
more rapidly than peroxidase isolated in form of a 
preparation [21]. Enzyme preparations isolated in the 
present study were likewise stable toward heating. 
Complete inactivation necessitated not less than 10 
minutes of boiling. Concurrently an. interesting property 
of crystalline peroxidase was observed. At the time that 
phloroglucinol oxidation and peroxidase properties of 
horseradish and cabbage enzymes, as well as potato 
PPO, were inactivated by 10-minute boiling, the cry- 
stalline peroxidase retained about 9-10% of the original 
activity. Phloroglucinol oxidation intensity of crys- 
talline peroxidase was not reduced after boiling, but 
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TABLE 7, The Influence of 10-minute Boiling on Phloroglucinol Oxidation 


and Peroxidase Activity of Enzyme 


Enzyme preparation 


Potato PPO 

CEP 

Horseradish peroxidase 
Crystalline peroxidase 
Crystalline peroxidase 
Crystalline peroxidase 


on the contrary, it was increased by more than 40% 
(Table 7). 

From the curves in Fig, 3 it is evident that the in- 
creased ability of crystalline peroxidase to oxidize 
phloroglucinol was preserved even after boiling for 60 
min, With further boiling, intensity of phloroglucinol 
oxidation decreased, Even after boiling for 120 min, 
crystalline peroxidase was still able to oxidize phloro- 
glucinol, whereas peroxidase activity disappeared after 
boiling for 75 min. 

It could be proposed that phloroglucinol oxidation 
under the given conditions was catalyzed by hematin, 
which was freed following denaturation of the protein 
carrier. Such a proposition is more in place,because 
iron-porphyrin compounds were found in plants [22], 
and because these compounds could play an important 
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45 75 90 105 120 min. 


Fig. 3. Influence of Boiling on The 
Activity of Crystalline Peroxidase 

1. Enzyme activity without boiling 
2. Enzyme activity after boiling 
Broken line — peroxidase activity in 
relative units. Solid line — phloroglu- 
cinol oxidative activity in y1 02 
utilized /10mg hour. 
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catalytic role in living organisms, This question, like- 
wise, requires further study. 

In accordance with presently accepted views, per- 
oxidase functions in plants are directed toward oxidation 
of various polyphenols and aromatic amines at the ex- 
pense of activated oxygen from peroxides; in the pre- 
sence of molecular oxygen alone, peroxidase is inactive. 
However, a number of facts and observations during the 
past few years do not agree with this point of view and 
attest the fact that peroxidase is not completely devoid 
of properties characteristic of oxidases. For example, 
spectroscopic observations show that the trivalent iron 
of peroxidase, which in reaction with peroxide does not 
change valence, can,under influence of a strong re- 
ducing agent (hydrogen sulfate) change to a bivalent 
[18]. Besides,it has been established that in some 
plants peroxidase can function as an oxidase of hydroxy— 
malenic acid, During this reaction the valence of per- 
oxidase iron was likewise changed (iron was reduced) 
[23]. 

The above-mentioned data from the present ob- 
servations give a base for the proposition that one of 
the functions of peroxidase is oxidation of phloro- 
glucinol (and possibly of other phenols) at the expense 
of inactive molecular oxygen. In other words, peroxidase 
can function as a phenoloxidase. 

Taking into account the complexity and the multi- 
componency of peroxidase [24, 25], it should be ac- 
knowledged that in order to decipher the mechanism of 
the observed phloroglucinol oxidation by cabbage per- 
oxidase, there is need for further, more intense study, 
which is being conducted by the authors at the present 
time. 

SUMMARY 

An enzyme preparation was isolated from cabbage 
which was responsible for phloroglucinol oxidation and 
which did not possess ascorbic acid oxidase and cyto- 
chrome oxidase activity. 

Cabbage slices oxidized phloroglucinol; this oxi- 
dation was inhibited by specific inhibitors, which de- 





press activity of metal - enzymes. Tissue PO activity 
was concentrated in cellular cytoplasm. Phloroglucinol 
oxidation by living cabbage tissue as well as by enzyme 
isolated from it could take place directly at the ex- 
pense of atmospheric oxygen, without orthoquinones 
participation. Together with this, the enzyme prepara- 
tion was able to oxidize polyphenols with the help of 
peroxide oxygen, i.e., it had peroxidase activity. 

In a number of objects it was established that the 
ability of plant tissues toward phloroglucinol oxidation 
was correlated with peroxidase activity. 

The ability toward phloroglucinol oxidation at the 
expense of molecular oxygen was discovered for a crys- 
talline enzyme preparation (Lait), as well as for the 
presently isolated preparation from horseradish. 

The presented facts let us propose that with re- 
spect to phloroglucinol and some other substances, per- 
oxidase can function as an oxidase - an enzyme cap- 
able of activating molecular oxygen. The question con- 
cerning the mechanism of this reaction is being studied. 

The authors wish to express their gratitude to M.A. 
Davydova for participation in the experimental part 
of this study. 
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We showed previously [1, 2] that myosin dissolved 
in 0.6 M KCl under the influence of high pressure (on the 
order of 4000 atm), though it keeps its hydrophilic pro- 
perties, can dissolve in salt media with high ionic 
strength and precipitate on dialysis against pure water, 
while it fully loses ATP-ase activity and the ability to 
form complexes with actin with formation of the con- 
tractile protein, actomyosin, It was also shown that the 
viscosity of myosin which did not contain marked 
contaminants of actomyosin increased considerably 
under high pressure. 

Actomyosin gels submitted to the action of high 
pressure lose the ability to react specifically on ATP, 
that is, to decrease the viscosity in 0.6 M KCl on the 
addition of ATP or to undergo syneresis in Szent-Gyorgyi 
solution. 

In the present work we have secured more complete 
results on the properties of the enzymatically inactive 
form of myosin obtained under the action of high pressure 
which in the future for brevity we will call baromyosin. 
We also considered it necessary to study in more detail 
the conditions under which inactivation under pressure 
begins both for myosin and for its complex with actin, 


METHODS 


The protein was isolated from the tail muscles of 
rabbits killed by airembolism. After exsanguination 
the muscles were cooled, freed from connective and 
fatty tissues, and twice passed through a cooled meat 
grinder, 

Myosin was isolated as described previously [2]. 
The myosin solution was kept at 1-3°, It was observed 
that decrease in enzymatic activity of myosin during 
keeping depended on the concentration of the protein 
in the solution, At concentrations of 1-1.3% with ten 
days keeping at 1-3°, the ATP-ase activity did not de- 
crease more than 30%; at concentrations of 0.04% a 
sharp fall in ATP-ase activity was sometimes found 
even on the following day. 

The purity of the preparations was tested by measur- 
ing the viscosity of the solutions before and after addi- 
tion of ATP in an Ostwald viscosimeter. In our prepara- 
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tions the viscosity of the proteins on addition of ATP 
either did not fall, or fell by not more than 3-8%, 

Actin was obtained according to Straub [3]. A 
working solution of actin was obtained as needed by 
water extraction of “acetone muscle powder". For acti- 
vation, KCl and MgCl, were added to the water solution 
of actin to final concentrations of 0.6 and 0.0005 M 
respectively. 

Actomyosin was obtained by the method of Szent- 
Gyorgyi [4]. The homogenate, after removal from it of 
water soluble proteins, was treated with five times its 
volume of Weber solution and extracted for 24 hours in 
the cold with periodic mixing. The resulting viscous 
solution of actomyosin was squeezed through a linen bag 
or four layers of gauze and precipitated with ten times 
the volume of twice-distilled water; the pH of the so- 
lution reached 6.8. The precipitate of actomyosin was 
separated by centrifuging and dissolved in KCl to a con- 
centration of 0.6 M. 

ATP- ase activity was determined by the usual 
method, by the increase in inorganic phosphorus in the 
sample and was expressed in pg P/mg N after 5 min, 
or inQp. Composition of the sample: 1 ml protein 
solution (0.04-0,07 mg N), 1 ml borate buffer, pH 8.6, 
0.5 ml 0.03 M CaClg, and 1 ml of 0.5% ATP solution. 

The sample was incubated for 5 min at 37°. Re- 
action was stopped by addition of 0.5 ml of 20% TCA, 
The content of inorganic phosphate in the filtrate was 
determined by the Fiske-Subbarow method, Parallel 
control experiments were run, in which TCA was added 
before incubation with ATP. The Q, of the isolated 
myosin preparations varied in the limits 900-2500, of 
actomyosin, 700-800. The relative viscosities of the 
protein solutions were determined in an Ostwald viscosi- 
meter at 0°, The time of outflow of the experimental 
solutions was compared with the time of outflow of a 
0.6 M aqueous solution of KCl. 

Experiments using high pressure. Myosin and acto- 
myosin underwent pressure in a high-pressure press described 
in the work of Bresler et al. [5]. A volume of 4-6 ml of 
the studiedsolution was poured into a plastic bag which 
was carefully tied up and placed in cylinder filled with 





water. The protein in all cases except those in which 
the effect of prolonged action was studied was submitted 
to pressure for ten min. Molec, wt. was determined by 
light scattering and in the ultracentrifuge. 


RESULTS 


in Molecular W t of M i 


Three samples of myosin were studied, It was shown 
that the molecular weight of myosin after the action of 
4000 atm pressure increased 1,5-2 times. Thus, for 
example, the molecular weight of myosin in 1% solution, 
determined by light scattering, was 760,000. After the 
action of 4000 atm pressure the molecular weight rose 
to 1,600,000 (these results are given without correction 
for the asymmetry of the macromolecule). 

In the ultracentrifuge the sedimentation constant 
(Sgo,w) of an 0.33% myosin solution before the action of 
pressure was 5.92 Svedberg units. The action of 4000 atm 
pressure was carried out on an 0.44 anda _ 0.87% solution 
of myosin which then for the determination were diluted 
to 0.33%, The values of S for these samples of baro- 
myosin were 9.57 and 10.66 Svedberg units respectively, 
which shows an increase in molecular weight of the pro- 
tein particles. This agrees well with the increase under 
the action of pressure of the viscosity of solutions of 
these types of myosin by 1.5 times. 


Pressure in atm 
ATP-ase activity 


ug P/mg N 


500 


2520 1500 


We can also see that full inactivation of myosin at 
N concentrations about 0.1 mg/ml kept in the refrigerator 
for ten days occurs even under pressures of 2000 atm. 

Inactivation under pressure in all cases is ac- 
companied by only slight cloudiness of the solution of 
myosin. It is probable that the cloudiness was partly 
connected with denaturation of the more unstable 
muscle proteins of the type of myofibrillar globulins [6], 
apparently present in very small amounts in ordinary 
myosin preparations. Denaturative changes of myosin 
under pressure are chiefly in the form of disappearance 
of enzymatic (ATP-ase) activity while the protein keeps 
its hyophilic properties (solubility in 0.6 M KCl, high 
viscosity). 

We also carried out experiments to study the effect 


of pH onstability of ATP-ase myosin toward high pressures. 


For the preparation of myosin solutions with different pH 
values we used borate buffer mixtures. Half the prepared 
protein solutions were submitted to the action of pressure, 
the other half served as controls. The experiments were 
carried out under pressure of 1500 atm; the pH of the 
solutions varied from 5.8 to 9.0. 

The greatest decrease in enzymatic activity under 
pressure as compared with the controls was found in the 


Thus, on partial denaturation of myosin caused by 
raised pressure as in heat denaturation (8, 9] aggregation 
of the myosin molecule obviously occurs. 


Change in Viscosity of Myosin 


The greatest increase in viscosity was found at 
pressures of 3500-4000 atm. Increase in viscosity under 
pressure was especially noticeable in cases of high con- 
centration of protein in the solution; thus, the viscosity 
of a 0.5% myosin solution doubled under a pressure of 
3500 atm, and a 1.44% myosin solution quadrupled. 


Change in ATP-ase Activity of Myosin 


In this series of experiments we studied the action 
of pressures over the range 500-4000 atm. Myosin so- 
lutions of different concentrations did now show exactly 
the same sensitivity with respect to the action of high 
pressures, The greatest stability of myosin ATP-ase ap- 
peared in solutions with a relatively high protein con- 
centration. Thus, at concentrations of 2 mg N/ml full 
inactivation of ATP-ase appears at 3000 atm. On this, 
the ATP-ase activity falls gradually with changing 
pressure. At concentrations of N of 0.1-0.5 mg/ml com- 
plete inactivation appears even at 2500 atm. 

For example, measurement of the activity of so- 
lutions of purified myosin with N concentration 0.5 
mg/ml at various pressures gave the following results: 


1000 1500 2000 2500 


1490 1200 500 


range pH 6-7. At pH values above this the stability of 
the myosin ATP-~ase to pressure increased and at pH 
about 8 was observed the greatest retention of enzyme 
activity of the myosin. Thus, for example, for myosin 
solutions which contained 0.12 mg N/ml at pH 6.5 the 
ATP-ase activity (ug P/mg N) after the action of pressure 
of 1500 atm fell from 890 to 490; at pH 7.8 ATP-ase 
activity fell from 950 only to 930. Probably this was 
related to the presence in the myosin of myosin with 
optimum ATP -ase activity on the alkaline side. 


Change in Viscosity of Actin Solutions 


The viscosity of solutions of activated actin under 
the influence of pressures of 1000-4000 atm is decreased; 
probably this is related to depolymerization of the actin. 
Thus, the viscosity of actin solutions which contain 1.14 
mg N/ml after the action of a pressure of 1000 atm falls 
2.6 times, and at a pressure of 4000 atm, 4 times. 


Change in ATP-ase Activity of Actomyosin 
Preparations 


Te ATP-~ase activity of actomyosin solutions (Fig.1) 
is fully retained at pressures of 1000 atm; at 1500 atm 
it falls by about 30%, Complete inactivation of ATP-ase 
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in actomyosin is usually found at pressures of 2500-3000 
atm. At a pressure of 500 atm there occurs a slight rise 
in the ATP-ase activity of actomyosin. 


Change in ATP-ase Activity of Myosin. 
and Actomyosin with Time 


In this series of experiments we used a pressure of 
1500 atm. The protein solution remained under pressure 
for time intervals from 5 to 120 min. 


Freshly prepared myosin solutions retained part of 
their enzyme activity (Fig. 2, curve 1) under the action 
of 1500 atm pressure for 80 and even 120 min. Solutions 
of myosin isolated a week or more before the experiment 
were completely inactivated even after 40-50 min 
(Fig. 2, curve 2). 


The enzyme activity of actomyosin (Fig. 2, curve 
3) under the same conditions (at 1500 atm) fell only 
slightly with time. 


§ 


A 
00 
E 
rs 
=a 
S 
et 
> 
we 
— 
> 
S 
Yo 
<o 
o 
mn” 
oO 
' 
a 
b 
< 


Fig. 1. Graph of effect of pressure 
on ATP-ase activity of actomyosin. 
Concentration of solution of acto- 
myosin 0.57 mg N/ml 
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Fig. 2. Effect of length of action of a pressure of 
1500 atm on ATP-ase activity of myosin and acto- 
myosin, 1) Freshly prepared myosini2) myosin after 
7 days keeping at 1-3°; 3) actomyosin. Concentra- 
tion — 0.59 mg N/ml 


Change of Viscosity of Actomyosin 


Solutions 


In distinction from the ATP-ase activity, the re- 
lative viscosity (nN) of actomyosin solutions which con- 
tained 0.5-0.9 mg N/ml fell sharply even under the 
influence of pressure of 1000 atm (Fig. 3), which may 
be related to a partial splitting of the actomyosin com- 


\ plex into myosin and depolymerized actin. With further 
, increase in pressure, 7 rises somewhat, The latter effect 


may be explained as follows: as already mentioned, 
with rise in pressure, n of myosin solutions rises, and for 
actin solutions, it falls. Since actin in the actomyosin 
complex is present in smalleramounts and the fall in its 
viscosity under pressure is relatively slight, then for 
the protein after maximum decrease at about 1000 atm 
(as a result of more or less full splitting of actomyosin 
into its components) can then gradually increase with 
further rise in pressure as a result of accumulation of 
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Fig. 3. Effect of pressure on relative 
viscosity of actomyosin. Concentration 
of actomyosin solution 0.57 mg N/ml. 


denatured myosin. We studied the effect of ATP on the 
viscosity of actomyosin submitted to the action of high 
pressures (Table). 


It follows from the data which we have given that 
actomyosin solutions which contain 0.5-0.9 mg N/ml 
even at pressures of 1000 atm almost fully lose the 
ability for decreased viscosity when ATP is added, which 
is connected with partial depolymerization of actin and 
splitting of the actomyosin complex into its components, 
However, ATP-ase activity of the myosin component of 
actomyosin is completely retained at a pressure of 1000 
atm. 

As to the effect of ATP on the relative viscosity of 
“artificial” actomyosin, prepared by mixing three volumes 
of myosin solution (containing 0.70 mg N/ml) with one 
volume of actin solution (containing 0.72 mg N/ml), 
it was unexpectedly found that such an “artificial” acto- 
myosin shows somewhat greater stability with respect to 
high pressures. Thus, in “artificial” actomyosin, in 
distinction from “natural” actomyosin at equal concen- 
trations of the proteins in solution after the action of 





Effect of ATP on Relative Viscosity of Actomyosin Sol- 
utions after the Action of High Pressure. Actomyosin 
with Concentration 0.57 mg N ml. Added; 0.1 ml of 
0.5% ATP per 2 ml of Protein Solution 


Relative viscosity Decreased 
before after adding ¥SCosity in 
adding ATP ATP % of original 


ATP-ase 
Pressure activity in 
atm P/mg N 

after 5 mi 


1 912 oY 1,62 


2, 
1000 506 1,6 1,53 
1500 456 i, 1,45 
2000 351 i,é 1,56 
2500 105 4,7! 1,70 
3000 70 4,7 1,70 
3500 35* 1-, 76 1,69 


*The slight retention of ATP-ase activity is probably 
connected with presence in the preparation of admixed 
water soluble ATP-ase. 


1000 atm pressure, there was a partial retention of the 
ability to decrease 7 in the presence of ATP. 

The retention of this ability was the more definite, 
the higher the concentration of protein in the solution. 
However, at 3500 atm and probably also at lower values 
of the pressure, the “artificial” actomyosin also fully lost 
its ability to react with ATP, Thus, “natural” and 
“artificial” actomyosins do not show exactly the same 
degree of stability toward the action of high pressures. 
The reason for this effect still remains unclear, 


SUMMARY 


In this work we have studied the effect of high 
pressures (in the range from 500 to 4000 atm) on ATP-ase 
activity and viscosity of solutions of myosin and actomy~- 
osin and the viscosity of actin solutions. We have es- 
tablished that actin is distinguished by high sensitivity 
to the action of pressure; it undergoes depolymerization 
even under pressure of 1000 atm. 

We have studied the effect of ATP on the viscosity 
of actomyosin submitted to the action of high pressure. 
We have established the absence of a parallel between 
loss of actomyosin ATP-ase activity and ability to de- 
crease the viscosity in the presence of ATP, Evidently 
this fact is explained by the depolymerization of actin 


and splitting of the actomyosin complex into its com- 
ponents at pressures which do not cause a sharp decrease 
in the ATP-~ase activity of the myosin component. 

We have studied the effect of pH andlength of action 
of pressure on ATP-ase of myosin and actomyosin. 

We have established that under the influence of high 
pressure, the molecular weight, like the viscosity of 
myosin solutions, rises sharply. 

We have suggested a modification of myosin which 
under the influence of high pressure has lost ATP-ase 
activity and ability to combine with actin, but which has 
retained its hydrophilic properties and solubility in 0.6 
M KCl; we have called this baromyosin. 

In conclusion we express thanks to Professor S.E. 
Bresler, and to Chief Scientific Assistant of the Institute 
of High Molecular Compounds, Academy of Sciences, 
USSR, S.Ya. Frenkel’ for determining the sedimentation 
constant of myosin by the ultracentrifuge method, We 
express our gratitude to Docent E.V, Frisman for valuable 
advice in carrying out the work and to Chief Scientific 
Assistant S.£. Tukachinskii and Aspirant L, Shchagina for 
determining the molecular weight of myosin by the light- 
scattering method, 
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In the variability of microorganisms bacteriophage 
plays an important part along with changes in the ex- 
ternal medium and the conditions of existence of the 
microbes, After its action, cells often assume new mor- 
phological, biological, and specific properties which 
may further be fully or partly fixed in the heredity 
(transduction phenomenon). Until recently it was con- 
sidered that the chief factor in these transformations was 
nucleic acid, However, according to recent data, the 
important significance of proteins is not excluded [1]. 

What the mechanism of action of the various com- 
pounds is, and in what form they affect the enzyme 
systems of the bacterial cells, still remains unsettled, 

One of the ways in which light can be cast on the 
answer to these interesting and important questions is to 
study the changes in chemical composition of the micro- 
organisms after the phage has acted upon them. 

Earlier we published the results of a study of the 
chemical composition of a culture of one of the variants 
of Brucella abortus 146 (variant 4), obtained under the 
influence of a phage of the “abortus” type [2]. In dis- 
tinction from the original strain, the altered microbial 
cells of the brucella were covered with a mucous capsule, 
had practically lost virulent properties, and were not 
agglutinated by specific antisera. It was also shown that 
not all of the newly acquired characteristics were stable. 

After long keeping of the variant on agar in a sealed 
tube at low temperature (2-4°) the brucella cultures 
altered by phage produced considerably less mucous 
layer and gradually regained their agglutinating pro- 
perties, but remained weakly virulent. 

The present communication concerns further changes 
found in the chemical composition of this variant. 


METHODS 


Depending on the period of keeping the variant,we 
grew and studied six different sets of cultures. The mi- 
crobe population obtained by seeding the variant after 
keeping it from a day to four months was covered with 
an abundant mucous layer and did not have specific ag- 
glutinating properties. The cultures obtained after five 


390 


and especially after six-month keeping of the variant 
formed considerably less mucus and gave a weak ag- 
glutination reaction. The final culture, grown after an 
eight-month keeping of the variant had visually lost the 
mucous capsule and had regained specific agglutinable 
properties, 

To obtain the microbe mass, we grew the brucella 
on liver agar for three days after which the culture was 
mixed with physiological saline. Then the microbe 
mass was defatted by repeated treatment with acetone 
and ether. 

From the acetone and ether extracts, after removal 
of the solvent by distillation in a stream of carbon di- 
oxide, we obtained the lipids. By solution in chloroform 
and fractional precipitation with acetone they were sep- 
arated into fractions of neutral fats, steroids, and a 
phosphatide fraction. 

The content of free lipids of the brucella altered by 
phage was considerably increased compared to the 
initial culture and gradually fell as the variant was kept 
(Table 1). Thus, in cultures grown after six- and eight- 
month keeping, the content of free lipids reached the 
normal level. However, under these conditions there 
was a tendency to an increased fraction of neutral fats 
and steroids which appeared especially in cultures of the 
variant obtained after two months keeping. 

The lowered content of free lipids agrees with the 
restoration of specific agglutinating properties in the 
culture. 

It was earlier shown that cultures of the variant after 
growing on agar could be washed off and washed with 
physiological saline, The separate portions of physio- 
logical saline were combined, the microbe bodies were 
filtered off through a membrane filter and the solution 
was submitted to prolonged dialysis, concentrated, and 
then fractionated by precipitation with acetone. Two 
fractions were isolated: Fraction I was the substance 
which precipitated in 60% acetone, and fraction II was 
the substance which remained in solution at this con- 
centration of acetone. The insoluble part was separated 
by centrifuging and dried with acetone and ether in a 





TABLE 1. Content of Lipids and Their Fractions in Brucella Cultures Altered by 
Phage Depending on Period of Keeping the Variant 


Microbe mass 


seeding 





Br. abortus 146 
(initial culture) 
variant 4 


Immediately 


Total lipid 


Neutral 
Phos - 
Period of keeping ae phatides 


the variant before! 


on dry wt. 


of microbes | “b on lipids 


after formation 


The same 2 months 


vacuum desiccator. The soluble fraction,after removal 
of the acetone in a vacuum and dialysis, was dried lyo- 
philically. 

The specific properties of the fractions were studied 
by the method of double diffusion in agar according to 
Ouchterlony [3] with antisera obtained after immuniza- 
tion of rabbits by brucella altered by phage. The antisera 
were diluted with equal volumes of physiological saline. 


Fig. 1. Experimental precipitation in 
agar I) Fraction from physiological 
saline, precipitated by acetone, at 
concentration 10 mg/ml; II) fraction 
from physiological saline, soluble in 
60% acetone, concentration 10 mg/ml; 
Ill) rabbit serum after immunization 
by a normal strain of Brucella abortus 
146, titer 1: 3200;IV) rabbit serum after 
immunization by a culture of variant 
4, titer 1: 3200. Adsorbed by fraction I. 


Figure 1 shows that fraction I, precipitated from 
physiological saline by acetone, gives a clear line of 
precipitation with normal antibrucellosis serum, while 
the antiserum to the variant adsorbed by this fraction 
gives a positive reaction only with fraction II. Hence 
the antiserum to the variant contains an individual anti- 
body which gives a positive precipitation reaction with 
substances which are not precipitated from physiological 
saline by acetone. 

The yield of the fractions and their chemical 
characteristics are shown in Table 2. The content of re- 
ducing substances was determined by the Hagedorn-Jensen 
method, nitrogen by micro-Kjeldahl, phosphorus ac- 
cording to Fiske-Subbarow, RNA and DNA according to 
Schmidt and Thanhauser, hexosamine according to Elson 
and Morgan. Protein was calculated from total nitrogen 
after allowing for the N of nucleic acids and the N of 
hexosamine by multiplying by the coefficient 6,25, 

We note the sharp decrease in content of substances 
soluble in physiological saline in the cultures obtained 
after keeping the variant for five months. Beginning 
from just this period in the culture of the variant we find 
a restoration of the specific agglutination properties. 

Comparison of different preparations of fractions I 
and II isolated in different sets of cultures of the variant 
shows us the existence of chemical differences. Some 
variations chiefly in the content of phosphorus, nucleic 
acids, and hexosamine may be explained by the fact 
that neither fraction I or fraction II is a definite chemical 
compound, but a mixture of various organic substances 
whose relative content is related to the individual pe- 
culiarities of the microbe population in each set of 
cultures. 

The fraction of substances soluble in 60% acetone 
contained, along with polysaccharides and hexosamine, 





TABLE 2. Yield and Chemical Characteristicsof Fractions Isolated from Physiological Saline 


: : Reducing}. Pro- 
Period of keeping on = Reducing ioe | eva | DNA! tei Hexo- 
variant 4 before selnaiiis 
seeding mass in % absolute dry weight of fraction 


Fraction precipitated by acetone 
Immediately after 
ormatién 


Z months 
5 
6 
s 


| 26,87 | 6,51] 1,13 | 4,88 | 0,51 {34,68 | 
| 26,24 | 6,30) 1,62 | 5,06 | 0,76 | 32,56 
| 24,31 7,13} 1,69 | 3,98 | 0,56 138,18 
| 95,54 | 6,38] 1,27 | 3,68 | 0,81 |35,44 
| 24,84 7,03] 1,30 | 4,06 | 0,48 | 38,81 

22,12 | 7,45] 1,05 | 2,76 | 0,32 | 41,25 


Fraction which remains in solution 


immepistely after ) 117 18,47 | 10,91| 0,27 | 2,35] 0,0 | 63,19 
—— 


104 17,82 | 10,75) 0,65 | 2,82] 0, 614,56 
123 15,21 | 10,65) 0,42 | 2,65 | 0, 61,94 
46 18,76 | 10,63) 0,37 | 2,12 | 0, 62,0 
18 15,63 | 10,93) 0,53 | 2,18 | 0,0 | 63,63 
16 14,03 | 11,07] 0,38 | 1,80 ; 65,0 
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Fig. 2. Carbohydrate com- 
position of the fraction iso- 
lated from the wash liquid 

of the variant culture A) 
Polysaccharide fraction of 
substances precipitated by 
acetone; B) polysaccharide 
fraction of substances which 
remain in solution. 1) Uronic 
acid; 2) galactose; 3) glucose; 
4) mannose; 5) arabinose; 

6) xylose; 7) ribose; 8) rham- 


ia. iS nose; 9) deoxymethyl pentose 


* e Fig. 3. Carbohydrate composition of 
: 9 


microbe bodies, variant 4, grown after 
different periods of keeping. A)Standard 
B) initial culture; I-VIII, cultures of 
variant 4 kept 1,2,4,5,6,8 months re- 
spectively. 1) Uronic acid; 2) galactose; 
3) glucose; 5) arabinose; 6) xylose; 7) ri- 
bose; 8) rhamnose; 9) deoxymethylpentose. 


a considerable amount of protein substances and ribo- 
nucleic acid. The separate fractions isolated from phy- 
siological saline also differed in qualitative composition 
of the polysaccharides (Fig. 3). 

Serological study of the fractions isolated from 
physiological saline, chromatographic determination of 
the composition of their polysaccharides, and also the 


The defatted microbe mass grown after various 
data of total chemical analysis permit us to consider 


periods of keeping of the variant was studied for content 
that fraction I contains chiefly lysed microbe bodies, of reducing substances, nitrogen, phosphorus, RNA, DNA, 


while fraction II consists chiefly of substances of the and hexosamine. The results of the analysis are given in 
mucous capsule. In cultures obtained after six and eight Table 3. 


months keeping of the variant, in spite of the absence of The data presented show that in the variant as it is 
a visible capsule, as a result of serological and chemical _ kept at 2-4° there occur enzymatic processes which lead 
analysis, there is still some quantity of capsule substance. to further shifts in chemical composition of the microbe 
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body. In cultures of the variant grown immediately 
after obtaining it there is a sharp increase in DNA con- 
tent and a decreased content of RNA; when the cultures 
are grown after keeping from two to six months, the 
DNA content gradually decreases, but the RNA content 
increases. The protein content, if we do not consider 
the very small increase in the culture in the period from 
two-to five-month keeping of the variant, remains practi- 
cally constant. There is a fall in content of hexosamine 
in cultures grown after six and eight months keeping of 
the cultures, a fall of almost half its content in the 
initial culture. Such a fall in content of amino sugars 
with partial or full loss of virulent properties by the 
microorganisms as compared to theacutely virulent 
strain is also encountered in work with other pathogenic 
microorganisms [4, 5]. We should mention that in our 
case the brucella cultures after the action of phage also 
almost lose their virulent properties. 

The qualitative composition of the microbe body 
polysaccharides of the variants from different series were 
studied by paper chromatographic analysis. A sample 
of defatted material was hydrolyzed with 1 N H,SO, on 
a boiling-water bath for 4-5 hours. After removal of 
the sulfuric acid by baryta, the hydrolysate was con- 
centrated to small volume. Purification from high- 
molecular-weight compounds was carried out by ad- 
dition of alcohol to a concentration of 80-90%, After 
centrifuging, the precipitate was washed several times 
with 90% alcohol and sucked off. The supernatant 
liquid and wash water were freed from alcohol and 
evaporated dry. The residue was dissolved in an amount 
of water suitable for deposition on the paper (calculated 
on 200 yg of reducing substance) and submitted to 
chromatographic separation. The solvents were buta- 
nol acetic acid water (4: 1: 5) and also butanol py- 
ridine— water— benzene (5: 3:3:1), The paper was 
Leningrad slow, the developer, aniline phthalate. The 
results of the chromatographic separation are shown in 
Fig, 2. 

In distinction from the initial brucellastrain the 
culture altered by phage shows pentoses: arabinose and 
xylose. However, when the material is deposited in 
equal amounts (based on reducing substances) in cultures 
grown after keeping the variant for six months, the arab- 
inose spot is markedly weakened(No.5) and in the culture 
obtained after keeping for eight months (No, 6), arab- 
inose is absent. 

In cultures of the variant grown after keeping for 
various periods, there is also a marked change in the 
content of the rapidly moving sugars rhamnose and de- 
oxymethylpentose. The chromatograms show that in 
cultures of the variant after short keeping the spots of 
these sugars are greatly intensified. In the case of 
cultures grown after five or more months keeping, the 
quickly moving sugars are found as traces. 

The composition of the polysaccharide fraction 
substances isolated from the wash liquids of the cultures 
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Fig. 4. Amino acid composition of 

the proteins of the variant and initial 
cultures of brucella. 1) Microbe mass 
of variant (series VI); II) microbe mass 
of initial culture 1) Cystine; 2) lysine; 
3) histidine; 4) arginine; 5) aspartic 
acid; 6) serine; 7) glycine; 9) glutamic 
acid; 10) threonine; 11) alanine; 12) pro- 
line; 13) tyrosine; 14) &-aminobutyric 
acid; 15) methionine; 16) valine; 17) 
phenylalanine; 18) isoleucine; 19) 
leucine. Paper---Leningrad slow. 





TABLE 3. Chemical Characteristics of Microbe Bodies of the Variant Grown after 


Various Periods of Keeping 


| Period of keep- eet 


itteseis jing variant in 
icrobe MASS | Hefore seeding jsubs- 
tances 
| 


| 
Initial culture | 


of Br. abortus 


146 Variant 4 : 
Immediately 
after formation 
The same 2 months 


altered by phage is the same for all series (Fig. 3). The 
fraction precipitated by acetone contains uronic acid, 
galactose, glucose, arabinose, xylose, ribose, rhamnose, 
and deoxymethylpentose, The fraction which remains 
in solution contains uronic acid, galactose, glucose, 
mannose, ribose, rhamnose, and deoxymethylpentose, 


The microbe body proteins of the variant grown 
after various periods of keeping were also studied by 
the chromatographic method, For this purpose, the hy- 
drolysate of the defatted microbe mass (6 N HCl for 
24 hours), after removal of humin, hydrochloric acid, 
and salts, was deposited on paper in an amount cor- 
responding to 60 yg of protein N, Separation of the 
amino acids was carried out with two solvents: butanol— 
— acetic acid water (40: 10: 50) and the same ingredi- 
ents in the ratio 40:15: 5, passing each of them three 
times with successive drying of the paper. 


The qualitative composition of the microbe body 
proteins of the variant remained the same, independent 
of the period of keeping it. The protein of the variant 
cells in all six sets of experiments differed from the 
protein of the initial culture by the absence of &-amino 
butyric acid, and, beginning chiefly from the fourth 
series (five months keeping), by the lower content of 
cystine, lysine, and arginine (Fig. 4). 

It follows from the above material that the change 
in specific properties with almost complete loss of 
virulence in the virulent culture of Brucella abortus 146, 
which originates under the action of phage, is the result 
of severe damage to the metabolism which is also shown 
in changes in the external form of the bacterial cells 
and colony. Their form and size change, and the cells 
are covered with mucus, The latter effect is character- 
istic not only for the action of phage, but is evidently 
also a protective reaction of many microorganisms when 
their important vital functions are damaged. Thus, the 
formation of mucus is often found in pathogenic bacteria 
in the action of antibiotics [6], under the influence of 
ionizing radiation [7], and of mechanical injury [8]. 
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Nit- 
rogen |phorus RNA 


! 
| | Total | 
oe Pro- 
— | tein 
—_ 


Hexo- 
samine 


DNA 


| 
hos- | 
} 
| 


13,22 | 69,63 
1 


3,82 


13,72 | 68,75 
13,52 | 72,0 
13,50) 71,0 
12,95 | 74,65 
13,65 | 68,94 
14,50 | 69,06 


6,42 
6,15 


4,32 


Destruction of normal life activity of brucella, con- 
nected probably with blocking or inactivation of a 
number of enzyme systems,produces a considerable shift 
in the chemical composition of the microbe body; the 
increased content of free lipids, change in content of 
DNA and RNA and hexosamine, and change in carbo- 
hydrate composition of the polysaccharides (appearance 
of arabinose and xylose) and the amino acid composition 
of the proteins (absence of &-aminobutyric acid), 


However, in view of the plasticity of the bacterial 
body, the ability of its metabolism to adapt quickly to 
different conditions of existence, new enzyme. systems 
can be gradually synthesized in the cells to replace 
those lost, Such adaptation perhaps occurs during keeping 
of brucella altered by phage in the process of reciprocal 
adaptation of the metabolisms of microorganism and 
phage. It is still possible that chemical changes in the 
cultures of the variant grown after various periods of 
keeping it reflect these phenomena to a definite extent. 

The shift which we have observed in chemical com- 
position of the cultures of variants with different lengths 
of keeping (change of carbohydrate composition of the 
polysaccharides, approach to normal content of free 
lipids and to the usual ratio of nucleic acids for the 
original strain of brucella) is accompanied by morpho- 
logical changes (gradual decrease in mucous covering, 
restoration of the original form of the cells and colony), 
and also by restoration of the specific agglutinating 
properties, 


SUMMARY 


Cultures of Brucella abortus 146 (variant 4) under 
the influence of phage under conditions of prolonged 
keeping regain some of the properties which were lost. 

At the basis of this effect lies a shift in biochemical 
processes expressed (with the limits of our investigation) 
by a change in carbohydrate composition of the poly- 
saccharides and also the content of nucleic acids and 
free lipids, as a result of which such cultures approach 





the behavior of normal brucella cells which have not 
been affected by phage. 

The hexosamine content in the cultures of the 
variant grown after a long period of keeping is decreased, 
Qualitative changes in the protein content of the 
microbial body of the variant grown after various periods 

of keeping were not observed, 
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The nucleoproteins of plague bacteria were obtained 
as early as 1897 by Lustig and Galeotti [1]. Recently 
similar preparations have been obtained several times 
(2, 3]. However, the study of these substances was 
limited to the determination of their biological pro- 
perties in connection with the problem of obtaining a 
useful preparation for immunization against the plague. 
In recent times, in connection with the work of Backer 
et al. [4], which showed that the immunologically active 
fraction of plague bacteria did not contain nucleic acids 
(NA), interest in studying the nucleoteins of these organ- 
isms lessened considerably. There is only fragmentary 
information as to the NA content in the cells of plague 
bacteria [5]. 

It should be mentioned, however, that the study of 
bacterial nucleoproteins in connection with the problem 
of variability of the organisms gave very interesting re- 
sults [6, 7] and should be continued with objects of 
bacterial origin, There is some interest from our point 
of view in the problem of the NA content and fractional 
composition of the nucleoproteins of plague bacteria in 
connection with the conditions of their growth. 

In the present communication we give data on the 
NA content and composition of the nucleoprotein fraction 
of two vaccine strains of plague bacteria in growth with 
aeration. 


MATERIALS AND METHODS 


Strains, We studied avirulent strains of plague 
bacteria, type EB and No, 1, both strains belonging to 
the oceanic type (not decomposing glycerol). 

Nutrient medium, For growth we used the usual 
medium used in production on pancreatically digested 
meat with an amino nitrogen content of 0,1-0,15%, 
Growth with aeration was carried out under semi-works 
conditions in a reactor with a capacity of 45 liters con- 
nected with a bubbler. Air was supplied in the amount 
of 0.7-1 volume per volume of nitritive medium per 
minute, The temperature was automatically maintained 
at 37, 

Chemical investigation, The microbe body was 
separated from the medium by centrifuging, washed 
with isotonic NaCl solution, and suspended in alcohol, 
then washed three times with alcohol, three times with 
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ether, and dried. The content of residual moisture varied 
from 3 to 10% (Table 1). 

In the dry bacterial mass we determined the con- 
tent of total N by the micro-Kjeldahl method, NA 
spectrophotometrically according to Webb [8], DNA 
with diphenylamine, and RNA by the orcinol method. 
The total NA content and the sum of DNA and RNA 
determined separately agree well. The content of pro- 
tein and NA was calculated on the basis of these de- 
terminations, 

Fractionation of the dry bacterial mass was carried 
out by the method of Mirsky and Pollister in the modi- 
fication of Belozerskii [9], The fraction obtained from 
the extract with 0.14% NaCl was designated by A, 
that from 1 M salt solution by B, and that from 0,2% 
alkali extract byC, The numbers 1, 2, 3 denote fractions 
precipitated from the corresponding extracts by acetic 
acid, alcohol, and acetone (for example, the fraction 
precipitated from 0,14 M salt extract by acetone is 
designated as fraction Ag, etc.). 


RESULTS 


In Table 1 we give the data for determination of 
content of protein and NA in the bacterial mass obtained 
under different conditions of growth, As the table shows, 
the variation in content of total N does not have a 
regular character and evidently does not depend on time 
of growth and addition of carbohydrates to the medium, 

The content of NA was somewhat higher in the 
bacterial mass of 24-hour growth than in cultures grown 
for longer times, It was considerably increased by ad- 
dition of carbohydrates to the mixture, The biomass 
then increased with unit volume of the medium, This 
was shown especially clearly in those experiments in 
which we artificially created conditions for the best 
utilization of carbohydrates, keeping the pH at the 
optimum for the growth of the cultures (experiments 
15 and 18), 

The change in content of DNA was most marked. 
Thus, in the 24-hour culture of strain EB the content of 
DNA was more than double as compared to the 48-hour 
culture of the same strain. The difference in DNA con- 
tent in strain No, 1 was also sufficiently great. 





TABLE 1, Content of Total Nitrogen and NA in the Bacterial Mass of Plague Bacteria 
We give the average figures from these experiments: 
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Bacterial masses 4-12 were obtained from media without addition of carbo- 


hydrates; bacterial masses 13, 15, and 18 from media with such addition during 
growth. In experiments 15 and 18 the pH during growth was kept withinthe limits 6,8-7.2. 


Under conditions of insufficient carbohydrate, the 
percent content of DNA in the bacterial mass of strain 
No, 1 was lower than in strain EB, but when carbohydrate 
was added to the medium, and especially when the 
pH of the medium was kept between 6.8 and 7,2, the 
DNA content was the same as in the bacterial mass of 
strain EB of the corresponding time of growth. 

Thus, the addition of carbohydrates during growth 
of the plague bacteria under aeration conditions leads 
to increased content of NA and appreciably increases 
the yield of biomass. 

Fractionation of the plague bacteria gave a very 
high yield of total nitrogen and NA, In all the ex- 
periments the yield exceeded 70% and in many of the 
experiments reached 80-90% of the total amount of 
substance used for fractionation, In this respect plague 
bacteria differ greatly from some other gram-negative 
bacteria. Thus, in the fractionation of dysentery 
bacteria we [10] obtained only 28-30% of the material 
used for the fractionation, Similar results were obtained 
by Kudlai et al. [11] in fractionation of the proteins of 
the alkali-forming variant of bacteria of the intestinal 
group. The yield in our experiments with plague bac- 
teria was evidently as high as the method permitted, 


considering the numerous extractions and reprecipitations, 


We can assume that such a high yield of nitrogenous 
products is explained by the low activity of the proteases 
in this type of bacteria, 

The data on distribution of total nitrogen and NA 
by fractions is characterized by considerable variety 
(Table 2), About 20-40% of the total nitrogen is not 
removed by our extracting agents and makes up the 
so-called residue (X). The remaining 60-80% of these 
substances are distributed between the different fractions. 
About half of this amount was found in the fractions ex- 
tracted by salt, especially in the 0.14 M salt extract, 


An exception was the 24-hour bacterial mass of strain 
EB, where the greater part of the total N and the NA 
were found in the fraction from the 1 M NaCl extract, 

More than ninety percent of the nucleic acids were 
removed from the cells by solutions of NaCl and NaOH, 
The greater part of the RNA was found in the 0,14 M 
salt extract and was precipitated by acidification of the 
latter with alcohol (fractions Ay and Az). DNA was 
found chiefly in the fractions from the extracts with 
0.2% NaOH. As Table 2 shows, ther is no difference in 
distribution of total nitrogen and NA in fractions from 
bacteria grown on media with added carbohydrates 
and without them. 

It is interesting to observe that the distribution of 
NA by fractions from the 0.14 M salt extract (Table 3) 
differs in strains EB and No, 1 very considerably. In the 
first, with acificiation of the extract, only about one 
third of the total nitrogen and RNA and about one half 
of all the DNA enter the precipitate, while in the cor- 
responding fraction from strain No, 1, more than 2/3 of 
the total nitrogen and RNA and almost all the DNA 
precipitate. Here the age difference is less than the 
difference between the strains. This change also de- 
pends little on the addition of carbohydrates to the 
medium. 

In Table 4 we give values for the ratio of total 
nitrogen to NA phosphorus, 

Table 4 shows thatin most of the fractions obtained 
from the bacterial mass by extraction of the latter with 
salt solutions, the value of the ratio N/P is less, that is, 
the relative amount of NA in them is greater, than in 
the original bacterial mass. In fraction C the value of 
the ratio is also sufficiently low. These data indicate 
that fractions obtained from these extracts are nucleo- 
proteins with a rather high NA content. In special cases 
the value of the ratio is markedly lower than occurs in 
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TABLE 2, Distribution of Total Nitrogen and NA among the Fractions in Plague Bacteria 
We give the average figures from these experiments: 
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*In this and later columns we show the strain, time of growth, and number of experiments. 
**Bacterial masses 4-12 were obtained by growing the corresponding strains without ad- 
dition of carbohydrates; bacterial masses 13-18 were grown on media with addition of 
carbohydrates. 


TABLE 3, Distribution of Total Nitrogen and NA in Fractions from 0.14 M NaCl 
Salt Extract 


No. of Culture 
Strain bacterial | period, 
mass hrs 


EB 4,5 37,5 

EB 6,7 28,9 71,1 24,5 
No 4 8,9 2 68 ,7 31,3 64,1 
No 1 10, 12 85,3 14,7 93,4 
No 4 |13, 15, 18 12,9 27,1 69,9 


Note: A,---fraction precipitated from 0.14 M salt extract on its acidification; 
Ag~-s --- fractions precipitated by alcohol and acetone, 


TABLE 4, Ratio of Total Nitrogen to Phosphorus of NA in the Bacterial Mass and 
Fractions from it. 
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Note: Where line is drawn, the NA content in the fraction was not determined; 
Cya and Cp are fractions obtained by separate precipitation of the alkaline extract. 





natural nucleoproteins, In the residue (X) the NA con- 
tent is slight. 

It is clear from the above data that DNA is ex- 
tracted from the plague bacterial mass especially by 
the alkali solution. We have tried to establish the 
dynamics of extraction of DNA, Usually the alkali 
extraction was repeated eight to nine times and the 
mixed extracts were submitted to fractionation, In 
experiments 15 and 18 the first four and the last four 
alkali extracts were fractionated separately, On this 
we found that the fraction precipitated by acetic acid 
from the first four alkali extracts contained 30-60% 
total nitrogen,and only 7-10% DNA was removed by 
this solvent, This was reflected in the value of the 
N/P ratio (Table 4) which for the first four extracts 
(Cy, ) was 33.6 and 73,4, and for the last (Cyp ),9.6 and 
8.4. Thus, DNA is very strongly fixed in the cell and 
enters the alkali solution only after repeated treatment, 
which is accompanied by complete destruction of all 
the cell structures. 


DISCUSSION OF RESULTS 


The decrease is content of nucleic acids which we 
observed in the process of intensive growing of plague 
bacteria resembles that in some other gram-negative 
bacteria [12] grown under analogous conditions, As to 
the fractional composition of these bacteria, here we 
can note some peculiarities, In our experiments, fractions 
obtained from alkali extracts contained considerably 
more NA than the analogous fractions in the experi- 
ments of other authors [13]. In particular, in these 
fractions most of the DNA extracted from the cells and 
a small part of the RNA could be found. DNA was ex- 
tracted by alkali only by frequently repeated extraction 
(experiments 15 and 18) and evidently was strongly 
fixed in the cell. 

The composition of the protein fraction of plague 
bacteria of the given strains was sufficiently constant 
and qualitative differences depending on time and 
some of the changes in conditions of growing (addition 
of carbohydrated during growth) could not be found, 
There was only a clear difference in the distribution 
of NA in the fractions in the two different strains of 
plague bacteria. This difference appeared chiefly in 
the fractions obtained from the 0.14 M salt extract. 
We can assume that this relation reflects to a definite 
degree a difference in character of complex-formation 
of the protein with NA, but for confirmation of this 
suggestion a special study is necessary, since our 
method of fixing the bacteria and the following treat- 
ment can lead to altered relations of what was in the 
living cell. 


SUMMARY 


We have studied the content of proteins and nucleic 
acids (NA) in vaccine strains (EB and No, 1) of plague 
bacteria grown with aeration, and in the nucleoprotein 


fraction obtained from dry bacterial mass of these 
bacteria, by the method of successive extractions with 
0.14 M and 1 M NaCl and 0.2% NaOH followed by 
fractionation of the extracts. 

We have established that in the process of growth 
of the bacteria the protein content does not change 
regularly and the NA content decrease. 

With addition of carbohydrates to the medium,the 
NA content, and especially the DNA, increases during 
growth (as compared to that in bacteria grown in media 
without carbohydrates), At the same time the yield of 
the biomass in a unit volume of the medium also in- 
creases. 


The fractions obtained from the dry bacterial mass 
of plague bacteria are nucleoproteins with a relatively 
high NA content, The residue after fractionation is 
protein with a relatively low NA content butin all the 
experiments some of the latter was found in it. RNA 
was extracted chiefly by 0.14 M salt solution and 
DNA was observed in the alkali extract, but in all the 
experiments some RNA accompanied the the main mass 
of DNA and about 15-20% of the latter entered the salt 
extracts, 


The chief mass of DNA and the RNA which ac- 
companied it were extracted only by frequently re- 
peated treatment with alkali, which indicates the strong 
fixation of it in the cells of the plague bacteria. Quali- 
tative differences in distribution of total nitrogen and 


NA in fractions. from the same strain of bacteria were 
not observed, We noted only differences between strains 
EB and No, 1 in distribution of total nitrogen and NA 

in the fractions from 0.14 M salt extracts, 
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The previous investigation [1] established that in 
the carbohydrate metabolism of the mycelia cells of 
Streptomyces aureofaciens there was participation 
both of the glycolytic cycle (Embden-Meyerhof -Parnas 
system) and the pentose cycle (hexose monophosphate 
bypass). In the present communication we report a 
further study which confirms the value of the pentose 
cycle in these actomycetes. The existence is shown of 
an interconnection between the two alternative paths 
for carbohydrate breakdown and the dynamic transfer 
from oneto the other under the influence of orthophos- 
phate. 


MATERIALS AND METHODS OF STUDY 


Streptomyces aureofaciens, strain As was grown 
at pH 6.4 on a synthetic medium with the following 
composition: 2.5% glucose, 0.5% asparagine, 0.3% 
MgSO,g, 0.005% ZnSO,, 1.5% KHgPO,. After 36 hours 
growth at 27° in a reciprocating rocker, the mycelia 
cells were separated by centrifuging and washed 
several times at 5° to remove traces of antibiotics re- 
tained on the surfaces of the cells, To the mycelia 
residue we added three times the volume of cold 
acetone and stirred the suspension for 10 min, after 
which the acetone treated cells were separated on a 
Buchner funnel and dried in a vacuum. A cell-free 
extract was prepared from the acetone-treated powder, 

Sedoheptulose was determined by the method of 
Horecker [2] and Dische [3], hexoses by the aid of 
cysteine and H,SO, (CYRIW method according to 
Dische [4]), fructose according to Roe [5], PGA ac- 
cording to Meyerhof and Lohmann by determination of 
alkali-labile phosphate [61. 


F-1,6-P was determined by a spectrophotometric 
method of Slater [7]. The reaction mixture contained 
the experimental sample (or a standard solution of 
F-1,6-P), DPN-H, aldolase and glycerophosphate de- 
hydrogenase in a tris-hydroxymethylaminomethane 
buffer at pH 7.6, Aldolase and glycerophosphate dehy- 
drogenase were prepared according to Racker [8] from 
rabbit muscle. DPN was obtained by the method of 
Burton and Wilson [9] and was transformed into DPN-H 
by enzymatic reduction with yeast alcohol dehydro- 
genase, 

The phosphate esters of the sugars were isolated 
from the mycelia cells by ion-exchange chromatography 
on a column with Dowex-1 resin (Cl form) according 
to Khym and Cohn [10], The products of the trans- 
formation of R-5-P were separated by the method of 
Horecker [11]; the enzymatic reaction was stopped by 
addition of 5% TCA and the neutralized protein-free 
filtrate was submitted to chromatography on a column 
of Dowex-1 in the formate form. 


RESULTS OF THE INVESTIGATION 


The presence in the cell-free extract of enzyme 
systems of both alternative cycles of carbohydrate de- 
gradation was established in the previous work [1]. We 
have obtained further data which confirm that in the 
intact, living mycelia both systems act. The mycelia 
collected after 36hours growth and washing were 
ground for 20 min in a mortar with three volumes of 
distilled water and one volume of glass powder (Pyrex). 
The extract separated by centrifuging was kept for 
three min on a boiling water bath and on cooling was 
brought to a pH of 3.5; it was centrifuged and the pro- 


Abbreviations used in this paper: HDP) hexose diphosphate; HMP) hexose monophosphate cycle; G-1-P) glu- 


cose-1-phosphate; G-6-P) glucose-6-phosphate; DPN) diphosphopyridine nucleotide; Xu-5~-P) xylulose-5-phosphate; 
R-5~-P) ribose-5 -phosphate; Ru-5~-P) ribulose -5-phosphate; S-7-P) sedoheptulose-7-phosphate; PGA) 3-phosphoglycer- 
aldehyde; 6-P-G) 6-phosphogluconate; PDA) phosphodihidroxyacetone; F-1-P) fructose-1-phosphate; F-6~-P) fruc- 
tose-6-phosphate; F-1,6-P) fructose~1,6-diphosphate; EMP) Embden-Meyerhof-Parnas system; E-4-P) erythrose-4- 


phosphate, 
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tein precipitate was discarded, The supernatant liquid 
was brought to pH 8.5 and chromatogtaphed on an 
anionite to separate and identify the intermediate phos- 
phorylated products of the EMP and HMP systems. We 
were especially interested in the presence in the mycelia 
cells of G-1-P. The fraction eluted immediately after 
F-6-P, in its behavior in color reactions with orcinol 

and the absorption spectrum of the product of the 

orcinol reaction, was similar to the pentose phosphates, 
However, in the chromatographic separation this fraction 
was distinct from pentose phosphate esters and required 
further identification (Fig. 1). 

Pentose metabolism. It was showed in the previous 
work that on oxidation of G-6-P and 6-P-G by un- 
purified cell-free extract of mycelia, there were 
formed pentoses, phosphotriose, sedoheptulose, and 
pyruvate [1]. Using R-5-P as substrate we followed the 
course of the degradation of R-5-P and the formation 
of PGA during incubation, It was found that the size 
of the ratio between loss of R-5-P and increase of PGA 
during the whole period of incubation lay between 2 
and 3,which approximately agreed with the stoichio- 
metric ratio in the transketolase reaction of degradation 
of pentose phosphates (Fig. 2). 

For analysis of the products of R-5-P metabolism, 
the reaction mixture after removal of the proteins was 
chromatographed on a column of Dowex-1 in the 
formate form using for elution,a solvent which contained 
2 N HCOOH and 0.05 N sodium formate. The first 
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phosphate ester which appeared in the eluate was identi- 
fied as S-7-P which contained a small amount of 
R-5-P, Identification was made by the position of the 
product on the chromatographic curve, the positive re- 
action with cysteine and H,SO,, and the spectrum of 
the product of the orcinol reaction. The second peak 
on the chromatographic curve, judging by the spectrum 
of the product formed in the reaction with cystine and 
carbazole according to Dische and Borenfreund [12], 
was the phosphate ester of a ketopentose, assumed to 
be Ru-5-P or Xu-5-P (Fig. 3 and 4). 

Establishing the presence of the pentose cycle, 
The above results indicated the presence of transketo- 
lase, R-5-P isomerase, and phosphoketopentose epi- 
merase in the cell-free extract. In order to show the 
presence of the full pentose cycle we tooksamples at 
various periods of incubation of the reaction mixture 
which contained R-5-P as the substrate and followed 
the change in absorption spectra of the products of the 
reaction with cysteine and HgSO,. After the first five- 
minute period there was an absorption maximum at 
505 mp and correspondingly at 410 mp there was 
indication of formation of sedoheptulose and small 
quantities of hexose, After 10 min incubation we noted 
a uniform rise in the amount of both sedoheptulose and 
hexose, When the period of incubation was lengthened 
to 30 min, we found a gradual fall in sedoheptulose 
with simultaneous increase in hexose, which was in- 
dicated by the gradual disappearance of the absorption 
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Fig. 1. Separation of sugar phosphate esters by direct ion chromatogtaphy. Cell- 
free extract of mycelia of Streptomyces aureofaciens, chromatographed on 


Dowex-1 column (Cl form). 
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Fig. 2, Transketolase reaction in a 
cell-free extract of Streptomyces 
aureofaciens. Composition of sample: 
3.1 mg extracted protein, 10 p mole 
R-5-P, 20 pmole MgCl, 1.5 yp mole 
cysteine, 0.8 umole 0.04 M glycyl 
glycine solution, pH 7.5. Total 
volume 2.5 ml, temperature 37° 

1) R-5-P; 2) PGA. Figures on the 
curve show the ratio R-5-P/PGA 


maximum at 505 my and the regular increase in the 
maximum at 410 mp (Fig. 5), Figure 5 shows that 
before the beginning of incubation the reaction mixture 
contained small amounts of hexose introduced with the 
cell-free extract, 

Stoichiometric reaction of transformation of R-5-P, 
When the cell-free extract was submitted to incubation 
with R-5-P for five min, we found transforma tion of 
4.1 mole R-5-P into 2 p mole sedoheptulose and 2 
umole PGA, The molar ratio of disappearing pentose 
and forming sedoheptulose and PGA agree with the 
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Fig. 3. Separation of metabolic products of 
R-5-P by ion exchange chromatography, 
Composition of incubation sample: 15 ml ex- 
tracted protein, 40 pmole R-5-P, 25 pmole 
MgCl,, 4.6 ml 0.04 M glycyl glycine solu- 
tion, pH 7.5. Total volume 10 mi, tempera- 
ture 37°, time of incubation 30 min. The 
protein-free filtrate of the incubation mix- 
ture was chromatographed on a column of 
Dowex-1 in the formate form (2.2 X 11.5 
cm). Volume of each fraction of eluate, 

5 ml. 1) Sedoheptulose; 2) pentose. 


theoretical for a transketolase transformation, namely, 
from 2 mole R-5-P are formed 1 mole S-17-P and 1 
mole PGA, As theincubation was prolonged there was 
decrease of sedoheptulose corresponding to increase of 
hexose, The stoichiometric calculation (with a cor- 
rection for the excess preformed hexose after the first 
five min of incubation) agreed with the theoretical 
value for formationof 1 mole of F-6-P from 1 mole of 
S-7-P, and the total amount of S-7-P and PGA formed 
during the experiment was equivalent to half the 
R-5-P used by the system (Table 1). 


Oxidative transformation of R-5-P. As noted earlier 
(1], the activity of G-6-P dehydrogenase is sharply in- 
hibited by orthophosphate but is not inhibited by iodo- 
acetate, On the contrary, for oxidation of PGA the pre- 
sence of phosphate or arsenate is necessary, and it is sup- 
pressed by iodoacetic acid. DPN serves as a hydrogen— 
acceptor in the enzymatic dehydrogenation of both 
G-6-P and PGA, 

In the experiments with R-5-P as substrate with the 
presence in the full reaction mixture of DPN, Mg**, 
cysteine, and other needed components (see note to Fig. 
6) we studied the effect of the above-mentioned inhibitors 
of dehydrogenation on the oxidative transformation of 
phsophopentoses. With the addition of phosphate or 
arsenate the rate of oxidation of R-5-P increased in the 
first ten min, after which, little by little, it fell toa 
minimum, with accumulation of pyruvate, sedoheptulose, 
and hexose, lodacetic acid and NaF scarcely changed 
the value of the oxidation as compared to the control 
samples, but inhibited the formation of pyruvic acid 
(Table 2 and Fig. 6). The results of the experiments 
showed that R-5-P was oxidized basically by G-6-P 
dehydrogenase after preliminary transformation into 
G-6-P; only a small part of the pentose phosphate was 
oxidized by PGA dehydrogenase at the stage of trans- 
formation into PGA by the action of transketolase. 

When phosphate or arsenate were added to the 
system, their inhibiting action on the activity of G-6-P 
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Fig. 4. Absorption spectra of products which 
form metabolites of R-5-P, determined by the 
cysteine-carbazole method. 1) Fructose; 

2) fraction 30 (see Fig. 3); 3) Xu-1-P (accord- 
ing to Dische), 





TABLE 1, Stoichiometry of the Transketolase and Transaldolase Reaction. 
(Reaction mixture(total volume 2.5 ml) contained: extract (3 mg of protein), 
10 p mole R-5-P, 20 mole MgCl,, 1.5 ,mole cysteine, 0.8 ml 0.04 M 
glycyl glycine buffer; pH 7.6, temperature 30°) 


Micromoles Ratio 


S-71-Px2 | (S-7-P + hexose)x 2 
R-5-P R-5-P 


Time, 
min R-5-P | PGA S-7-P | Hexose 


| 

0,98 | 1,47 
0,80 | 1,27 
0) ,34 1,03 
0,22 | 1,06 


TABLE 2, Analytical Data of Experiments on Oxidation of R-5-P by a Cell-Free Preparation 
of Streptomyces aureofaciens (composition of sample and experimental c onditions shown in Fig. 6 


Ribose 
Reaction mixture O, used, residue, | Pyruvate, Sedoheptulose, 
patom/p mole umole |# mole mole 


Full 

Full without cysteine 

Full without Mg 

Full+ iodoacetate (5 » mole) 
Full+ F~ (6 » mole) 

Full+ AsO, (50 » mole) 
Full+ POg (50 » mole) 


TABLE 3. Analytical Data of the Experiments on Oxidation of F-1,6-P by Cell-Free Preparation of 


Streptomyces aureofaciens, Composition of samples and experimental conditions shown in Fig. 7. Time 
of incubation 120 min. 


O, used, Hatm/ Pyruvic acid, Sedoheptulose, 
umole umole umole 


Reaction mixture 


Full system 
The same + iodoacetate 

( 5 p mole) 
The same + F ( 6 p mole) 
The same + AsO, (50 mole) 
The same + PO, (50 » mole) 
The same + PO, (100 up mole) 


dehydrogenase led to blocking the cyclic transformation transaldolase reaction; this explains the accumulation 
of R-5-P, and under these conditions its oxidation took of S-7-P. It is still not fully clear why phosphate causes 
place by PGA dehydrogenase, for the action of which less accumulation of pyruvate than arsenate, and it is 
the presence of phosphate was necessary, or, preferably, not established whether phosphate hastens the further 
that of arsenate, The oxidation of PGA as it was formed transformation of pyruvic acid, 

in the transformation of R-5-P in the presence of phos- 


When iodoacetate or sodium fluoride were added 
phate or arsenate led to deficiency in acceptor for the 


to the system, the inhibition of the action of PGA de- 
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hydrogenase ,or correspondingly ,of enolase ,led to blocking 
the oxidation of PGA. Under these conditions oxidation of 
R-5-P occurred only under the influence of G-6-P dehydro- 
genase ,and the cyclic metabolism of pentose phosphate was 
activated. Cysteine is needed for the action of transketolase , 
and its absence suppressed the formation of sedohe ptulose . 
Magnesium ions have a stimulating effect on the activity of 
G-6-P dehydrogenase ;in their absence the rate of oxidation 
of R-5-P fell (Table 2). 


Eluent 
0.2 N HCOOH + 0.03 N HCOONa 


0.1 N HCl 


The results of this experiment show that PGA 
formed in the degradation of R-5-P, beside continuous 
transformation in the pentose cycle, partly forms F-1,6-P 
by the action of triose phosphate isomerase and 
aldolase present in the cell-free extract. 

Using F-1,6-P as the substrate for oxidation and 
analyzing the resulting products of oxidative transforma - 
tion, we noted the presence of pentose and sedoheptulose 
along with PGA and pyruvate, This all indicates that 
F-@,6-P is a general intermediate product in both paths 
of degradation of the sugars and can undergo oxidation 
both in the glycolytic (EMP) and pentose (HMP) cycles, 
The introduction of phosphate into the system does not 
hasten the oxidation of PGA, but inhibits the action of 
G-6-P dehydrogenase and this prevents the formation of 
phosphate esters of pentose and sedoheptulose. 

Arsenate, in opposition to phosphate, shows a clearer 
effect on the rate of oxidation of F-1,6-P _In the first 
30 min,arsenate has no inhibiting action on oxidation, 


F-1,6-P——_—-a> 7 —> —+ — — Pyruvate 
PDA 


Pinorg 


The results of the studies described above on aerobic 
and anaerobic degradation of R-5-P demonstrate the 


functioning of the pentose cycle in mycelia of Streptomyces 
aureofaciens, ts 


Interrelations and transfer between the EMP and HMP 
cycles, From the metabolic products of R-5-P we iso- 
lated F-1,6-P by ion-exchange chromatography (on a 
column with Dowex-1 in the formate form): 


In the eluate, moles 


S-7-P 13.4 
Pentose-5-P 4.6 
F-1,6-P 4.1 


but, on the contrary, hastens it, and there is an increased 
formation of pyruvic acid. Along with this we noted 
inhibition of the synthesis of phosphoric esters of pentose 
and sedoheptulose, 

These effects, and the action of arsenate on oxygen 
absorption show that arsenate,on the one hand,stimulates 
the oxidation of PGA, and on the other, has an inhibiting 
action on the oxidation of G-6-P, lodoacetic acid has 
no effect on the value of the oxidation (use of O,); it 
inhibits the formation of pyruvate but does not affect 
the yield of R-5-P and S-7-P, It is interesting that the 
addition of NaF to the studied system inhibited the oxi- 
dation of F-1,6-P by 90% and completely stopped the 
formation of R-5-P and pyruvate (Table 3 and Fig. 7). 

The above experimental data allow us to conclude 
that F-1,6-P either is degraded by the EMP scheme, 
or is first dephosphorylated by phosphatase with suc- 
ceeding transformation into G-6-P which is further oxi- 
dized in the HMP cycle: 


(EMP cycle) 


F-6-P > G-6-P———____________» (H MP cycle) 


F-1,6-P phosphatase with optimum activity at pH 
5.0 was noted in the cell-free extract (Fig. 8). The re- 
sults of the above experiments on oxidation of F-1,6-P, 
which was inhibited 90% by NaF and was insensitive to 
iodoacetate, give us reason to assume that in the myce- 
lial cells of actinomycetes, F-1,6-P metabolism proceeds 
preferably through the pentose cycle. 


DISCUSSION OF RESULTS 
It was shown that in cell-free extracts of mycelia 
the pentose phosphate formed in the oxidation of G-6-P 
undergoes transformation according to the scheme of 
Horecker, According to Srere [13] and Horecker [14], 
the acceptor of the glycolaldehyde residue (HyCOH * HCO) 
in the transketolase reaction is Xu-5-P, Therefore the 
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Optical density 


550 500 «550 800 — 650, min 
Fig. 5. Curve of absorption of the products 
which form the metabolites of R-5-P in 
the reaction with cysteine and H,SO,. Com- 
position of reaction mixture: see note to 
Fig. 2. Incubated at 30°; reaction stopped 
by addition of 5% TCA; 0.5 ml of filtrate 
analyzed by the H,SO,g-cysteine method. 

1) before incubation; 2) after 5 min in- 
cubation; 3) after 10 min; 4) after 30 min 
incubation, 


O, used, microliters 
= — 
ss 8 § 8 8&8 


8S 


0 @ W@W 60 80 0 ltmin 


Fig. 7. Oxidation of FDP by cell-free 
preparations of Streptomyces aureofaciens. 
Manometric determination of gas meta- 
bolism at 30° in air atmosphere. Sample 
(2.5 ml) contains15.6 mg extracted pro- 
tein, 5 pmole F-1,6-P; remaining com- 
ponents as described in Fig. 6, 1) Full 
system; 2) added 5 yp mole iodoacetate; 

3) added 6 p mole NaF; 4) added 50 


mole Na arsenate; 5) added 50 py mole 
NagHPO,. 
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0 @ 0 0 WO tmin 
Fig. 6. Oxidation of R-5-P by a cell- 
free preparation of Streptomyces 
aurofaciens. Gas metabolism was 
studied manometrically in a Warburg 
apparatus at 30° in an air atmosphere. 
Reaction mixture contained 17.2 mg 
of extracted protein, 10 1 mole R-5-P, 
1 p mole DPN, 20 p mole MgCly, 1.5 
umole cysteine, 1 p mole methylene 
blue 0.8 ml 0.04 M glycyl glycine 
buffer; pH 7.6. Total volume 2.5 ml. 
1) Full system; 2) without cysteine; 
3) without MgCl,; 4) added 5 4 mole 
iodoacetate; 5) added 3 yp mole NaF; 
6) added 50 up mole Na aresenate; 
T) added 50 1 mole Na,HPO,. 


Q2 


0 
pH ¢ 5 6 7 8 


Fig. 8. Activity of F-1,6-P phosphatase 
of Streptomyces aureofaciens (Reaction 
F-1,6-P -F-6-P+ Pinorg). Reaction 
system contained in a total volume of 
2.5 ml: extract (1.2 mg protein, 5 
Hmole F-1, 6-P, 20 umole MgCly, 0.5 
ml of one of the buffers mentioned below: 
0.1 M sodium acetate - pH 4.4; 4.8; 5.4; 
0.4 M glycyl glycine, pH 6.4; 7.5; 0.03 
M veronal buffer, pH 8.2. Time of in- 
cubation~ 30 min. 





R-5-P used in our experiments as a substrate should, 
after its transformation by isomerase into Ru-5-P, go 


over into Xu-5-P under the action of phosphoketopentose 


epimerase, In the catalyzed transketolase reaction be- 
tween R-5-P and Xu-5-P, S-7-P and PGA are formed, 
The formation of S-7-P and PGA under the action of 
transaldolase results in their again reacting to give 
F-6-P and E-4-P, F-6-P quickly changes into G-6-P 
with hexosephosphate isomerase which we [1] observed 
in cell-free extracts, 


Further, the results of studying the transformations 


of R-5-P both anaerobically and aerobically (in the pre- 
sence of methylene blue) give a basis for the conclusion 
of the actively functioning pentose cycle in the mycelia 
cells of Streptomyces aureofaciens, 

When pentosephosphate is transformed hexosemono- 
phosphate and F-1,6-P appear. The experiments showed 
the presence of competition between aldolase and trans- 
ketolase on the intermediate product, PGA. 

Both alternative paths for the transformations of sugars 
are connected through the common intermediate meta- 
bolite, fructose diphosphate (scheme): 


Scheme of Interrelations of Glycolytic (EMP) and Pentose (HMP) 


Cycles in Streptomyces aureofaciens 


HMP cycle 


6-6-Reent6-P-G 


-2H 
-CO, 


R-5-P + Xu-5-P 


er 


EMP cycle 
G-6-P 


ar 


ei 


“ 


F-6-P+ E-4-P 


The question of which of the two cycles, EMP or 
HMP, is the preferred path for transformation of the sugars 
in Streptomyces aureofaciens requires further study, The 
connecting metabolite between both alternative systems 
is F-1,6-P; it can either be degraded after dephosphory- 
lation, transformed by the scheme of the pentose cycle, 


1,6 =P ee F-6-P 


or undergo oxidation through the EMP system, Here 
orthophosphate plays an important role. In view of the 
demonstrated inhibiting action of phosphate on G-6-P 
dehydrogenase, its presence can shift the transformation 
of F-1,6-P from the pentose to the glycolytic path. We 
can conclude from this that the concentration of phos- 
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phate ion in the culture medium can affect the function- 
ing of one or the other cycle of degradation of sugars in 
Streptomyces aureofaciens, 

The relations and interrelations between the two 
alternative paths of carbohydrate metabolism are very 
important for biochemists. The basic factor which de- 
termines the functioning of the hexose monophosphate 
cycle or the Embden-Meyerhof-Parnas cycle is usually 
considered to be the presence or absence of phospho- 
hexokinase. This investigation has shown that along with 
this, orthophosphate is of great significance for the 
direction of transformation of sugars. These results can 
be of interest in relation to the regulation of metabolism 
not only in microorganisms, but also in other, higher 
organisms, 


SUMMARY 


Cell-free extracts of Streptomyces aureofaciens 
under anaerobic conditions transform ribose-5-phosphate 
(R-5-P) with formation of sedoheptulose-7-phosphate 
(S-7-P), triosephosphate (PGA), and hexose phosphate. 

The functioning of the pentose cycle is confirmed 
by the fact that with short incubation we find transfor- 
mation of R-5-P into S-7-P and PGA in a ratio which 
corresponds to the theory for the transketolase reaction 
(2:1:1). In the corresponding mechanism of oxidative 
transformation of R-5-P (in the presence of methylene 
blue), there is inhibition by phosphate or afsenate and 
relative insensitivity to iodoacetate. 

We have established the formation of fructose-1,6- 
diphosphate (F-1,6-P) in the transformations of R-5-P. 
F~-1,6-P can be transformed in the system studied by the 
glycolytic pathway, or can be dephosphorylated by the 
phosphatase of the extract into F-6-P which after con- 
version to G-6-P is oxidized through the pentose cycle. 
Both alternative paths of degradation of carbohydrates 


are connected through F-1,6-P, as the common inter- 
mediate product. 

We have shown that phosphate has an inhibiting 
action on the G-6-P dehydrogenase of Streptomyces 
aureofaciens [1]; on the other hand, phosphate is required 
for the action of triosephosphate dehydrogenase, The re- 
sults obtained in this study of oxidative degradation of 
F-1,6-P in cell-free extracts of the mycelia indicate 
that the presence of phosphate can shift the degradation 
of F-1,6-P from the glycolytic to the pentose path. 
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During our work on the structure of the smooth 
muscle (stomach) proteins of dogs we observed [1],in the 
salt extract (0.5 M KCl, pH 7.0-7.1) from this muscle, 
a protein which precipitated in the zone of (NH4)SO, 
concentration characteristic for the salting-out of actin 
in striated muscle (10-20% saturation of (NH4)SO,j ). 

The presence of asalting-aut peak characteristic 
of actin has been described by other authors for a con- 
tractile complex of proteins precipitated from a salt 
extract by its 10-20-fold dilution with water for proteins 
extracted from the smooth muscle of the uterus [2] and 
the smooth muscle of pig esophagus. The Swedish and 
Japanese authors considered this protein to be actin, al- 
though they observed that the actin of smooth muscle 


differed somewhat in its properties from the actin of 
striated muscle, 


In work from our laboratory [4] it was shown that 
the actin-like protein of dog stomach smooth muscle 
had a low specific viscosity and a small value of ano- 
malous viscosity which lay in the limits characteristic 
of depolymerized G-actin. The viscosity of the solution 
of this protein did not change under the influence of 
added ATP, a fact which indicares that it is not a con- 
tractile protein complex, The actin-like protein of 
smooth muscle, dialyzed free of (NH4)pSO, with careful 
protection of its active group [5], gave a sharp increase 
in viscosity (formation of actomyosin complex!) when 
its solution was mixed with a solution of myosin extracted 
from striated rabbit muscle [4]. Thse experiments showed 
that the actin-like protein isolated from smooth muscle 
belonged to the family of “actins”. It is important that 
it be further identified with the actin of striated muscle. 

For this purpose we decided to determine the number 
of ionogenic groups in it and also its isoionic point. The 
amino acid composition of actin differs quite sharply in 
number of dicarboxylic and diamino acids from the 
composition of myosin and tropomyosin [6-9]. This 
permits us to expect evidence from the results of electro- 
metric titration of the ionogenic groups of the actin-like 
protein of smooth muscle. On the other hand, establish- 
ing the isoionic point of the protein will permit calcula- 
tions to reveal the same difference which was found be- 


tween the isoelectric points of actin, myosin, and acto- 
myosin by the method of electrophoresis [10]. 


MATERIALS AND METHODS OF STUDY 


Protein preparations, The actin-like protein of 
smooth muscle was extracted along with other proteins in 
cold from a homogenate of dog stomach muscle by 0.5 M 
KCl mixed with phosphate buffer (0.01 M KH,PO, and 
0.02 M Na,HPO,, pH 7.0-7.2). The ratio of volume of 
extracting liquid to weight of muscle homogenate was 
5:1. After standing in the cold for a day, the liquid 
was filtered through linen and dialyzed for a day ina 
collodion bag (in the refrigerator) against a solution of 
0.5 M KCI with a phosphate buffer, pH 7.0-7.2. 

The dialyzed extract was salted out at room tempera- 
ture with a saturated solution of (NH4),SO, and neutralized 
by addition of ammonia to pH of 7.0-7.1. Aggregation 
of the salted-out protein lasted 15-20 min, after which 
the precipitate was separated by centrifuging,and dis- 
solved in 0.5 MKCl, The resulting solution was dialyzed 
overnight in a refrigerator against 0.5 MKCl. For 
further purification [4] we subjected the dialyzed protein 
solution to repeated salting out. In the first salting- 
out the concentration of the (NH4)SO, solution was 
brought to 20% of saturation; in the second, attempting 
to obtain actin less contaminated by admixtures of other 
proteins, we used a less concentrated solution (15% of 
saturation), After 15-20 min the precipitate was again 
separated by centrifuging, dissolved in 0.5 M KCl, and 
dialyzed in the cold against 0.5 M KCl to complete re- 
moval of NHy* (Nessler reaction). In order to hasten the 
dialysis, the outer solution was changed every 2-3 hours. 

The protein content of the solution was determined 
by the Conway method as modified in our laboratory 
(N X 6.11). Its content varied between 0.30 and 0.50%, 
These protein solutions were submitted to further study. 


Actomyosin of dog striated muscle was precipitated 
from a salt extract prepared in the same way (0.5 M 


KCl + phosphate buffer, pH 7.0-7.2) by tenfold dilution 
with water. The precipitate, separated by centrifuging, 
was dissolved in 0.5 M KCl and three times purified by 
precipitation by dilution with water and re-solution in 
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0.5 MKCl. The thus-purified protein solution was di- 
alyzed for a day against 0.5 M KCl, The protein content 
in the solution was determined by nitrogen (N X 6.11). 
The actomyosin solutions contained 0.35-0.50% protein. 

Determination of the isoionic point of the proteins. 
Since the exact determination of the isoionic point of 
the studied proteins was necessary for us to calculate 
the number of ionogenic groups in the studied proteins, 
we could not be limited to graphic interpolation from 
the titration curve. For determination of the isoionic 
point we used the method of determination of the pH 
of the solution (suspension) of protein [11] submitted 
to full dialysis against distilled water, The determination 
of pH in these experiments, like determinations of it in 
all experiments with electrometric titration, was carried 
out with a potentiometer of type LP-5 with a glass 
electrode, 

Electrometric titration was carried out as follows: 
10 ml of solution of the protein dissolved in 0.5 M 
KCl was mixed with 10 ml of 0.1 N HCl. The resulting 
acid solution was titrated with a solution of 0.5 N KOH 
which was added from a microburet in small amounts, 
0.2 ml at the beginning and end of the titration, 0.02 
ml in the zone of slight buffering of the protein solution. 
The alkali was prepared in water freed from CO, and 
kept in a vessel sealed from penetration by CO). After 
each addition of alkali we determined the pH of the 
solution. In the acid zone the potential was established 
quickly. In the alkaline region it was sometimes neces- 
sary to wait 10-15 min to establish a constant potential. 
Since the vessel in which titration took place was not 
protected from penetration of CO, the results of the 
titration in the alkaline region were less exact. In view 
of the small volume of alkali added, correction for it 
was not made, We always carried out parallel titrations 
of 10 ml of 0.1 N HCl mixed with 10 ml of 0.5 M KCl. 
This permitted us to make graphic calculations without 
making corrections for activity of the hydrogen ion. It 
was assumed that the activity of H* in solutions with 
and without protein was the same. 

At the beginning of the work we tested the method 
of determining the pH in separate samples of protein 
solution mixed with 0.1 N HCl and neutralized by ad- 
dition of different amounts of alkali in each sample. 
The volume of each sample was equalized at exactly 
20 ml. However, we were unable to use this more exact 
method because of lack of protein material isolated from 
dog stomach. Either it was necessary in each experiment 
to determine only part of the curve, or to take a small 
amount of protein in each analysis. 

Before titration of the protein solutions we ran a 
preliminary titration of solutions of 0.01 N HCl (12 
experiments), 0.1 N HgPO, (4 experiments), and 0.5% 
glycine (15 experiments). 

We also carried out experiments on electrometric 
titration of the amino groups of proteins and glycine. 

In our modified method, after a number of experiments, 
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formalin, neutralized to pH 7.0-7.1, was added to a 
solution of protein titrated to pH 9.6 in an amount which 
gave a 2 M concentration of it in the solution. Then 
titration was repeated and it was again brought to pH 
9.6. In the same way we carried out parallel titration 
of a mixture of 0.1 N HCl + 0.5 M KCl, to which neu- 
tralized formalin was added. 

Calculations. The resulting pair of titration curves, 
the curve of pure acid and of acid + protein, was plotted 
on the same sheet of millimeter paper (the number of 
milliliters of alkali used on the abscissa, the observed 
pH value on the ordinate). Then the points were found, 
on the curve,which had the same pH. The difference 
between the corresponding points on both curves expressed 
in milliliters of KOH (0.5 N) allowed us to calculate 
the amount of bound (or given off) equivalents of H* for 
the protein. We made this graphic calculation for all 
the experimental points on the curve which permitted 
use to construct a curve of binding H* by protein at 
different pH values. Knowing the concentration of the 
protein in 1 ml of solution, we expressed the results of 
the experiments, as is usually done, in the form of bind- 
ing H* by the protein in the amount of 10° g, Analogous 
calculations were carried out also for titration of the 
protein in the presence of formol. 

The determination of the number of ionogenic 
groups in the protein was also carried out graphically, 
as indicated in the literature [12-19}: The number of 
equivalents of total bases was determined from the iso- 
ionic point to the point of maximum binding of acid; 
the number of equivalents of all the free carboxyls is 
from the point of maximum binding of acid to pH 5.6- 
-6.0, the number of equivalents of £-NH, groups of lysine 
by difference between titration in the absence and pre- 
sence of formol at pH 9.6. 

Since we did not carry out the titration at different 
temperatures or in the presence and absence of salt in 
the solution, the electrometric titration could not give 
us the content of equivalents of the imidazole groups of 
histidine. Hence, we could not calculate the guanidine 
groups of arginine. 


RESULTS 


Measurement of the isoionic point of the stomach 
smooth muscle actin-like protein and the actomyosin 
of striated muscle carried out by the method of complete 
dialysis gave the following results: 


Actin-like protein, pH Actomyosin, pH 


5.25 
4.95 5.30 
4.75 5.70 
5.10 = 


The resulting data show that the isoionic point of 
the actin-like protein is shifted to the acid side of 
the isoionic point of actomyosin by 0.5 pH units. This 
difference was found in all the experiments. The isoionic 
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g equiv. H*/ 1-10° g protein 
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Fig. 1. Binding of H* by actomyosin (g-equiv./10° g 
protein) 1) Titration by alkali; 2) titration by alkali 
in the presence of formol. 


point for actomyosin which we found corresponds to the 
literature data [20-221 The isoionic point for the pro- 


tein of smooth muscle agrees with the isoelectric point 
of G-actin [23]. 

Determination of the maximum number of equiva- 
lents of H* bound by protein in the electrometric titra- 
tion presented some technical difficulties because of 
the great jump in potential found in the pH region more 
acid than pH 1,.9-2,.0. In this region the buffer capacity 


of the protein had already practically been exhausted. 

In connection with this we devoted particular attention 
to the determination of this section of the titration curve, 
which had great value for later calculations. Graphical 
extrapolation of the results onthe ordinate gave the 
desired value in g-equiv. H+ bound by 10° g of protein. 

In the experiments on titration of the actomyosin 
of striated muscle we showed that 10° g of this protein, 
obtained from dog muscle, bound 146 g-equiv. H* (Fig. 
1). This is sufficiently close to the value of 156 g-equiv. 
H* given by Dubuisson [19, 24] for the actomyosin of 
rabbits and cats, and differs considerable from the figure 
given by Goryukhina [25] for the actomyosin of fish 
(243 g-equiv. per 10° g protein). 

Calculation of the ionogenic groups shows that the 
total bases in 10° g of dog actomyosin have 141 g-equiv., 
free carboxyls have 154 g-equiv., and 2-NH, of lysine 
have 75 g-equiv. 

Titration of the actin-like protein of smooth muscle 
shows (Fig. 2) that the maximum binding of H* is 124- 
125 g-equiv. per 10° g of protein. The number of iono- 
genic groups calculated graphically from these values 
and from the position of the isoionic point of the protein 
(pH 5.01) is for total bases 108 g-equiv., for free car- 
boxyls, 124 g-equiv., and for £-NH, of lysine, 49-50 g- 
equiv. per 10° g of protein. 

We did not calculate the maximum binding by the 
protein of the OH” ions as the previous authors did [24, 
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Fig. 2. Binding of H* by the actin-like protein (g- 
equiv./10° g protein), 1) Titration by alkali; 2) ti- 
tration by alkali in the presence of formol. 


25]. Titration in the alkaline region did not give the 
final binding of OH”, so extrapolation becomes very 
arbitrary. Also, titration in the strongly alkaline region 
gives irreversible results, which indicates the occurrence 
of denaturation of the protein. 


DISCUSSION OF RESULTS 


Comparison of the number of ionogenic groups in 
actomyosin obtained by us by electrometric titration 
with the literature data obtained by the same method 
is made difficult by the fact that the authors do not 
give such calculations. Only from the work of Dubuisson 
[20] can be obtaine the g-equiv. values for = - NH, of- 
lysine obtained by formol titration. It is 73 and agrees 
well with our value of 75 g-equiv. per 105 g of actomyosin. 
The data of Goryukhina [25] for formol titration cannot 
be used because of incomplete experimental data needed 
for calculation, 

The results obtained by electrometric titration are 
compared (Table 1) with the data of amino acid analysis 
of actomyosin. Unfortunately, the data on the com- 
position of actomyosin in the literature do not have 
sufficient accuracy. The older work [26, 27] under- 
estimated the amino acids in the protein by about 15% 
and so is little suitable for comparison. In recent times, 
analyses of actomyosin have not been made because of 
the complex and, as it is assumed, inconstant com- 
position of this protein. 

For comparison withourdata we also used the more 
up to date and accurate analysis of the amino acid 
composition of myosin and of actin of rabbits [28], con- 
sidering that the actomyosin of striated muscle of warm- 
blooded animals contains myosin and actin in the ratio 
4:1 [29]. 

For calculation of the ionogenic groups, the sum of 
all the bases was calculated by addition of the equiva- 
lents of arginine, lysine, and histidine. 





TABLE 1. Content of Ionogenic Groups (g-equiv.) in 10° g of Actomyosin 


Electrometric titration 


Ionogenic groups 


Free carboxy] 
Total bases 
=-NH, lysine 


* Calculated by us 
t According to the literature [26, 27] 
t According to the literature [28, 29] 


Free carboxyl groups were calculated as the sum 
of the equivalents of aspartic and glutamic acids after 
subtracting the equivalents of amide nitrogen. 

As Table 1 shows, the results of electrometric de- 
termination of the ionogenic groups of actomyosin ob- 
tained by different investigators agree excellently. 

The fact that we isolated our actomyosin from the 
striated muscles of dogs, and Dubuisson and Hamoir [24] 
obtained theirs from muscles of rabbits and cats indicates 
the great similarity in structure of this protein in dif- 
ferent orders of mammals and also the constancy of com- 
position ofactomyosinas an individual, though complex, 
protein. 

The data on the content of ionogenic groups ob- 
tained by electrometric titration and that calculated 
from the amino acid composition of the mixture of 4 
parts of myosin and 1 part of actin differs somewhat. 

All the same, a difference of 7 g-equiv. of carboxyls, 

9 g-equiv., of bases, and 4 g-equiv., of 2-NH, for lysine 
cannot be considered appreciable, A different picture 

is obtained on comparing the results of electrometric 
titration with the data of the older analysis of rabbit 
actomyosin. However, these analyses, as already men- 
tioned, cover only 85% of the amino acids in the protein. 

Turning to the analysis of the actin-like protein of 
smooth muscle, we confirm that the difference from 


dubuisson 


Amino acid analysis 
data of | Actomyo-|myosin/ 
actin 4:1f 


actomyosin observed in its investigation is quite real. 
Naturally, the comparison of the number of ionogenic 
groups which it contains must be made with their content 
in the actin of striated muscle, with which protein it 
has a number of common properties [1, 4]. The absence 
of work on the electrometric titration of actin makes it 
necessary to compare only the results of determination of 
the amino acid composition of actin [7, 9]. 

The comparison of these values is given in Table 2. 
We note the great similarity in our results and the re- 
sults-of the analysis of the American group of investigators. 
The analyses of Ivanov and Asmalova [7] are higher with 
respect to lysine, which is indicated not only by the 
better agreement of the data for this amino acid from 
us and from the American investigators, which gives a 
figure almost 10 g-equiv. lower than in the work of 
Ivanov and Asmalova, but in still greater degree by the 
somewhat higher sum of the bases in the work of the 
latter workers over the sum of the free carboxyl groups; 
this is entirely incorrect (correctionfor the amide groups 
of the dicarboxylic amino acids was correspondingly 
introduced in the work of Kominz et al. [9]). 

Consideration of the data of Table 2 leads to the 
conclusion that in number of ionogenic groups and also 
from the region of salting out by (NHg)SO,, from viscosity, 
and from ability to form the actomyosin complex, the 


TABLE 2, Content of lonogenic Groups (g-equiv.) in 10° g of Actin-Like 
Protein of Smooth Muscle and Actin of Striated Muscle 


Electrometric 


lonogenic groups 


determination 


Free carboxyl 
Total bases 
X- NH, lysine 


titration 


Amino acid analysis 


Ivanov 
an 
Asmolova 


K ommz 
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actin-like protein of smooth muscle does not differ ap- 
preciably from the actin of striated muscle. The simi- 
larity is completed by the position of the isoionic point 
(pH 5.01) which agrees with the isoelectric point of 
depolymerized actin [23]. 

Hence we conclude that the protein of smooth 
muscle isolated from it by salt extraction and salting- 
out with (NH4)SO, at a concentration of 10-20% of 
saturation is actin, Solution of the question of whether 
the actin of smooth muscle is identical with the actin 
of striated muscle or differs from it by some amino acid 
residue, as is found in the tropomyosin isolated from 
different muscles [9], would require special investigation. 

In the work of Goryukhina [25] along with data on 
actomyosin, myogen and globulin X obtained from the 
muscular tissue of fish, there are given data on electro- 
metric titration of the myostromin of Danilevskii. Al- 
though the calculated number of ionogenic groups in 
this protein, as in the case of fish actomyosin, is im- 
possible, due to insufficiently careful establishment of 
the maximum binding of H* by this protein, yet it is 
obvious there is less binding of H* by it than by acto- 
myosin: the difference at pH 1.85-1.96 is 54 g-equiv. 
per 10° g of protein, In our experiments with the muscle 
protein of dogs we found a difference in maximal binding 
of H* in the actomyosin of striated muscle and the actin 
isolated from stomach muscle of 22 g-equiv. 


The question arises whether myostromin is not actu- 
ally actin. This opinion has already been expressed by 
Raiko [30]. In Table 3 we compare the various properties 
of myostromin and actin. 

Consideration of Table 3 shows the unusual simi- 
larity of both proteins. Their participation in the structure 
of muscle fibers, their content in muscle, and their iso- 
electric points, found in a considerably more acid posi- 
tion than the isoelectric point of actomyosin, the great 
similarity of content in the muscle of both proteins, 
closeness of sum of total bases, markedly lower ability 
than actomyosin to bind H ions, all these show the great 
resemblance of these proteins. The difficulty of purifying 
both myostromin and actin from nonprotein contami- 
nants, shown by the low nitrogen content, indicates their 
strong bonds with other organic compounds (carbohy- 
drates [30]) in muscle tissues, Finally, the appearance 
in the prosthetic group of myostromin of a purine nu- 
cleotide with more than 1.5 moles of phosphoric acid 
per 1.0 mole of adenine [30] evidently corresponds to 
the adenine diphosphate found as a prosthetic group in 
actin [5, 34]. The very low viscosity of myostromin 
solutions indicates its full denaturation which occurs, as 
in actin [5], with great ease. 

Summarizing the properties of actin and myostromin 
considered in parallel, we come to the conclusion that 
Danilevskii and his school long ago had in their hands 


TABLE 3. Comparison of the properties of Myostromin and Actin 


Properties Myostromin 


Microscopic structure 
of muscle fibers (myosin 
first removed) 


Before extraction 
of the protein, 
retained, After 
extraction, absent 


Content in muscle (% of total 
protein). 
Content of N, % 


7-14.4 
14.7 


Content of phosphorus in 
prosthetic group, mole 
ratio phosphorus/adenine 


Relative viscosity 1.05 — 1.09 


(1%) 
5.2 
5.2-5.4 
99 


Isoelectric point, pH 


Sum of total bases, g-equiv. 
10° g protein 
Difference between 


54 
maximum binding of H+ (not exact) 
in actomyosin and 
actin, g-equiv. 10° 


g protein 


Literature data 


Before extraction of 
the protein, retained 
After extraction, 
absent 


[32] 


13-15 
15.2 
16.2 


[33] 
[34] 
[5] 


2 [34] 


1.2 
(0.5%) 
5.01 — 5.10 


(G-actin) 
108 
109 
22 


[5] 
[23] 
Our work 


[9] 


Our work 





this protein (actin) whose share in the reaction with 
myosin could form the contractile protein complex 
protein actomyosin. Even the participation of myo- 
stromin (actin) in muscular contraction was foreseen 
by Danilevskii, although evidence for this was im - 
possible due to absence of suitable methods, Certainly 
myostromin is a strongly-denatured protein preparation. 
We can regret that the study of myostromin, so success- 
fully begun, was stopped because of the publication of 
the work of Szent-Gyorgyi and his school. 

In conclusion we wish to note the great usefulness 
of the method of electrometric titration for the determi- 
nation of ionogenic groups in proteins. It gives good 
characterization of individual proteins. Among the 
structural proteins of muscle it permits the separation 
from each other of actomyosin([19, 20, 24] and the pre- 
sent work), myosin [16], and separately of both of its 
components, H- or L-meromyosin [17], and also of 
actin (present work). It offers the possiblity of identi- 
fying protein with one of the components of a protein 
mixture from which this protein was isolated. This 
was done in the present work. 


SUMMARY 

The protein salted out of a salt extract of smooth 
muscle by (NH4)pSO, in a concentration of 10-20% of 
saturation is shown,by electrometric determination of 
its ionogenic groups,to be idential with actin. 

Actomyosin of striated muscle of dogs shows the same 
number of ionogenic groups as actomyosin from the 
muscles of rabbits and cats. 

The myostromin of A.Ya. Danilevskii is evidently 
denatured actin. 
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The phospholipid metabolism is of great importance 
to the life phenomena in all tissues of the animal organ- 
ism. Phospholipids fogm a part of the lipoprotein com- 
plexes in mitochondria and microsomes, the biological 
structures which are the centers where the enzymatic 
activity of the cells is concentrated, they participate in 
the formation of cell membranes, affecting their per- 
meability and other forms of biological activity. Phos- 
pholipids are present in the prosthetic group of many 
enzymes (the succinoxidase system, the adenosine tri- 
phosphatase, which is activated by magnesium, the cho- 
line oxidase, etc,). Changes in phospholipids under the 
influence of ionizing radiation are therefore of great 
interest. 

It is stated in the scientific literature that the total 
content of phospholipids in rat liver does not change 
following irradiation [1-3], The total amount of phos- 
pholipids rernains constant also in the mitochondria and 
microsomes of rabbits [4]. However, the total content 
of phospholipids in dog’s liver increases following ir- 
radiation [5], and decreases in the brain of rats [6]. Ac- 
cording to some authors [7], the intensity of phospholipid 
exchange in rat's liver is not affected, but according to 
others [8, 9] it is increased, while in rat's brain it is de- 
creased [8]. 

The present paper deals with an investigation of 
early changes in various fractions of phospholipids in 
the liver of rats during the first day after a general 
single irradiation with gamma rays. 

METHODS 


In the first series of experiments 49 male rats of 
180-220 g body weight were used. Out of these, 22 
served as controls, and 27 were subjected to a single 
general irradiation with gamma rays, the dosage amount- 
ing to 1000 r from an EGO-2 apparatus, and a dose po- 
tency of 460 r/min. The animals were killed 2, 4, 

6 and 24 hours after irradiation, in groups of six for each 
period. 

In the second series of experiments we studied the 
powerful effect of gamma rays on the phospholipid ex- 
change of the liver in rabbits, which was observed im- 
mediately after the end of irradiation. The experi- 
mental animals were killed 10, 30 and 60 minutes 
after the start of irradiation, the corresponding dosage 
amounting here to 5000, 15,000 and 30,000 r. Each 


group consisted of five animals, and five rabbits served 
as controls. 

Na,HP"0,, in an amount of 0.1 mCurie/200 g 
body weight, was introduced intraperitoneally one hour 
previous to the killing. After decapitation, the liver of 
the animals was rapidly excised, and the phospholipids 
extracted by grinding the liver 6 - 7 times with chloro- 
form and ethyl ether (2:1) in a mortar. After each 
grinding the tissue homogenate was centrifuged and fil- 
tered. The obtained extracts were poured together, and 
the inorganic phosphorus removed by means of 0.1 
and 0.01 N HCl. 

The resulting phospholipid extract was evaporated 
in a vacuum in an atmosphere of nitrogen, at 40-50°C. 
The dry phospholipid residue was dissolved in methyl 
alcohol, thus removing the inositol phosphatides which 
are insoluble in this medium. A further separation of 
the phospholipid into fractions was conducted by the 
method of Dawson [10] and Smirnov [11]. The cephalin 
fraction was adsorbed from the methanol solution by 
MgO, the lecithin and sphingomyelin fractions remaining 
in solution. The separation of the lecithins and sphingo- 
myelins was conducted by means of alkaline hydrolysis 
of the lecithins with 1 N NaOH, with incubation at 37°C 
for 20 hours. In order to obtain the cephalin fraction, 
the MgO was dissolved in 1.5 N HCl, after which the 
cephalins were extracted by chloroform. As a result, 
the following fractions were obtained: the glycerophos- 
pholipids lecithins and cephalins, consisting of colamine, 
serine, and acetylphosphatides, sphingomyelins and 
inositol phospholipids. 

Samples were taken from each fraction for the de- 
termination of inorganic and radioactive phosphorus 
(the radioactivity being measured by Geiger-Muller’s 
end counter). The ashing of the samples was accomplished 
by means of concentrated sulfuric and nitric acids, Phos- 
phorus was determined by Fiske and Subbarow’s method. 
The phospholipids were calculated by multiplying the 
obtained P value (in mg) by the factor 23.5. 


RESULTS AND DISCUSSION 
The data represented in Table 1 show that the total 
amount of phospholipids in the liver of rats does not 
change, as compared with the normal value, during 
2,4,6 and 24 hours following irradiation. As to the con- 
tent of various phospholipid fractions, glycerophospho- 
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TABLE 1, Total Phospholipids and Their Fractions in Rat Liver Prior and 


After Total Gamma-irradiation 


Time otal phos- Phospuolipid fractions (in "/ of tota 


after irra- run in 
diation, 0 of raw 


; lecithins 
hr. weight 


Control 2,6+0,1 

2 2,4+0,1 
4 2,7+0,1 
6 2,440,141 
24 2,6+0,1 


55,4+4,8 
58,5-2,8 
53,9+3,9 
53,0--4,5 
74,44 ,4 


lipids (lecithins and cephalins), sphingomyelins and 
inositol phospholipids,no definite changes could be ob- 
served within 2, 4, and 6 hours. However, within 24 
hours after irradiation, while the total phospholipid con- 
tent remained unchanged, the amount of the sphingo- 
myelin fraction increased by 41.6%, and that of the 
lecithin fraction increased by 33.7%, with the cephalin 
fraction showing a 56.6% drop. 

Evidently, during the first hours of irradiation, there 
take place in the animal organism powerful compensatory 
mechanisms, which keep the total phospholipid content 
within the normal range. The relative increase of the 
choline-containing fraction of phospholipids and lower- 
ing of its cephalin fraction within 24 hours after irradia - 
tion probably represent a corresponding change in the 
direction of the synthesis. According to the data of 
Elezarova [12], the amount of free choline in rat liver 
decreases, following irradiation of 700 r intensity, It 
is quite possible that the choline is here utilized for 
the intensive synthesis of choline-containing fractions 
of phospholipids. 

The intensity of phospholipid exchange was judged 
by the rate of incorporation of labeled inorganic phos- 
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phorus. The incorporation of the latter was determined 
by the relative specific radioactivity (the ratio of the 
specific radioactivity of the phospholipid phosphorus to 
the specific radioactivity of inorganic phosphorus, multi- 
plied by 100). 

It can be seen from Table 2 that the intensity of 
renewal of the phosphate group in phospholipid ,following 
irradiation, has markedly increased: The relative speci- 
fic radioactivity of the total phospholipids has increased 
during the first four hours by 100%, after six hours by 
137%, going slightly down after 24 hours, remaining 42% 
higher. The intensity of the lecithin and cephalin 
fractions undetwenteach a similar change. The relative 
specific radioactivity of the inositol phospholipids in- 
creased in two hours, after being subjected to radiation, 
by 60%, and during the remaining periods under study, 
by 120%, On the other hand, the relative specific radio- 
activity of the sphingomyelin fraction showed a tendency 
towards a decrease during the first four hours after ir- 
radiation, while after 24 hours one could observed a 
sharp increase in metabolism of this fraction, with the 
relative specific radioactivity raising 262.5% as com- 
pared with the control. 


TABLE 2. Relative Specific Radioactivity of Total Phospholipids and Their 
Fractions in Rat Liver After Total Gamma-irradiation 


Time after} Total 
irradia- 
tion hr. 


phos- 

pholipids in | 

% of raw lecithins 
weight | 

| 

Control 


9 


2,4+0,1 
a 4,8+0,4 
4 4,9+0,4 
6 9, 7+0,3 
3, 


24 4-+-0,1 


0,4 
+0,4 
- 0,5 
+0,3 
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Since the content of phospholipids and their fractions 
did not change during the first hours following irradiation, 
one may assume the gamma-ray’ irradiation is increasing 
specifically the renovation of the phosphoric portion of 
their molecules, Attention should also be called to the 
fact that within 24 hours following irradiation there is 
being observed a slight lowering in the renovation of 
lecithins and cephalins, where their fractions are being 
changed in opposite directions, 
the increase-and the cephalins 


the lecithins being on 
falling. It seems that 


416 


| cephalins 


P 
+0,1 | 3,24 


Phospholipid fractions (in % of total) 


| sphingo- 
phosphatides myelins 


inositol 


1,5+-0,1 
2,4+0,3 
3,3+0,2 
3,2+0,2 
3,1-40,3 


0,8+40,1 
0,6+0,4 
0,6-0,4 
1,9+0,3 


2,9+0,2 


at this stage there actually takes place an increase of 
lecithin synthesis coupled with a breakdown of cepha- 

lins. Hokin and Hokin [13] observed the rate of re- 
novation of the phosphate fraction of the pancreatic 
phospholipids in animals injected with acetylcholine. 
According to the authors, acetylcholine splits the mole- 
cules of lipoproteins, causing the liberation of phospho- 
lipids, which thus become more accessible to the action 

of the corresponding enzymes. Since the effect of ionizing 





radiations can also result in a breakdown of lipoprotein 
complexes, it is possible that under these circumstances too 
an increase in phospholipid metabolism is tied to a higher 
vulnerability of their free molecules. 

Where the intensity of the radiation is higher (the 
second series of experiments) there takes place an ap- 


proximately 25% drop in the total phosphatides of the 


liver tissues, as early as within 10 minutes following 
irradiation (by a dose of 5000 r) (Table 3). A subse- 
quent increase of the dose did not change this figure. 
As to the relative contents of separate phospholipid 
fractions, the changes were in general close to those 
observed in rats within 24 hours. following irradiation 
with a dose of 1000r. 


TABLE 3. Phospholipid Fractions in the Liver of Rabbits 
Immediately After Gamma-irradiation With Large Doses 
(in % of total phospholipids) 


Irradiation 


om, Nal _ finositol sphingo- 
r lecithins cephalins hosphatides myelins 


Controls 


| 67,2+0,6 


| 17,240,6 | 


1,14+0,2 | 2,1+0,4 


After irradiation 


11,9+0,4 
14,3-0,8 
16.4+0,5 


Immediately after the beginning of irradiation, the 
relative amount of lecithins went slightly up: in 10 
minutes, by 13.4%; subsequently, this higher level per- 
sisted, The cephalins dropped within 10 minutes by 
34.7%, However, with radiation of longer duration and, 
correspondingly, at higher doses, the cephalins, while 
lowered, tend to approach normal values. The inositol 
phosphatides remained here practically unchanged. As 
to the sphingomyelins, they went up within 10 minutes, 
went still higher within 30 minutes, and stayed at the 
same level, 66.5% above normal, at 60 minutes. 

Thus, under the influence of ionizing radiation, 
there occur in the liver tissue, in the course of the first 
minute and day, very great changes in the ratio be- 
tween separate phospholipid fractions and their renova- 
tion as well, depending on the dose administered. This 
can be due to a certain extent to a breakdown of lipo- 
protein complexes and of the structure of cell organoids. 
On the other hand, such changes in the composition of 
the lipoproteins themselves will invariably lead toa 
change in their properties, as well as of the cell ultra- 
microstructures bound to these, 

The breakup by phospholipases A and C of the 10% 
lecithin, which constitutes a’part of succinoxidase, 
renders the performance of this enzyme system fully 
inactive [14]. Feeding animals a diet deficient in 
unsaturated fatty acids leads to a disruption in the 
metabolism of phospholipids, which form an integral 
part of the adenosine triphosphatase, and as a result, 
there takes place a disruption of oxidative phosphoryla- 
tion and of the oxidation of intermediate products in 
the tricarbon cycle as well [15]. The activity of ade- 
nosine triphosphatase,which is activated by magnesium, 
and where phospholipids constitute the prosthetic group, 


, 


| 0,8 : 


740 
‘ +0, 
1,2 5-0 


,’ 


drops in proportion to the activity of the phospholipases 
(16). 

The lecithins participate in the transport of fatty 
acids in the organism, contribute to the oxidation of 
fatty acids, and stabilize the blood colloids, The ceph- 
alins play,evidently,an important role in the active 
transport of potassium and sodium cations across cell 
membranes, Therefore, the changes relating to the 
lecithin and cephalin content following irradiation 
may also cause disturbances in the specific functions 
of these phospholipids. 

Of great importance is the “structural function" 
of phospholipids, We know today that sphingolipids 
are predominant in the exterior portions of cells, con- 
trolling permeability. Since sphingolipids are present 
in a number of tissues, one may assume a universal 
distribution of these substances in the animal organism 
and their great biolc ,ical importance, It was shown 
that in fat deficiency, changes are being observed in 
the composition of sphingolipids, consisting in a lower- 
ing in cerebrisides and an increase in sphingomyelin 
content. Changes in these important cell constituents 
result in a disturbance of the permeability of bio- 
logical membranes [17]. The increased incorporation 
of P™ into the individual phospholipids following ir- 
radiation, is indicative of changes in phospholipid meta- 
bolism under the effect of radiation. 

Hokin and Hokin [18] showed that the inositol 
phosphates are playing an important role in the secretion 
of protein and of other substances by endocrine glands, 
It is hard to say at this time what the role of inositol- 
phospholipids is relating to the function of internal- 
secretion glands and other organs, but the fact itself is 
of importance, In this respect, attention is being called 
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to the observed disturbance in inositol phosphatide meta- 
bolism of the liver, following irradiation. 


SUMMARY 


The total phospholipid content in rat liver does 
not change during the first day following irradiation by 
a 1000 r dose of gamma rays. In rabbits, on the other 
hand, the liver phospholipids immediately drop 25% 
subsequent to irradiation of not more than 5000 r, 

In rat liver, the lecithin fraction of the phospho- 
lipids increases 33.7% within 24 hours following ir- 
radiation, the sphingomyelin fraction increasing under 
the same conditions 41.6%, while the cephalin fraction 
decreases by 56.6%, In rabbits, the lecithin fraction 
of the liver phospholipids rises 13,4% immediately 
following irradiation by 5000 r, the sphingomyelin 
fraction rising 66.5%, while the cephalin fraction drops 
34.7%, 

The general intensity of the phospholipid meta- 
bolism in rat liver increases within 24 hours following 
irradiation with a 1000 r dose, Within two and four 
hours the relative specific radioactivity of phospho- 
lipids increases 100%, within six hours it increases 
137%, and within 24 hours, 42%, The incorporation 
of labeled phosphate into the liver sphingomyelins in- 
creases particularly in the 24 hours following irradia- 
tion; the relative specific radioactivity of this fraction 
is 262.5% above the control, 
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The study of biochemical processes in protoplasmic 
structures in vitro makes it possible to penetrate more 
deeply into the essential nature of cellular metabolism 
as a whole, 

Investigations of fatty acid synthesis in plant cell 
organelles are extremely scanty. Sisakyan and Smirnov 
[1] have demonstrated acetate incorporation into higher 
fatty acids in isolated chloroplasts of sunflower coty- 
ledons, Stumpf and Barber [2] have demonstrated syn- 
thesis of higher fatty acids by mitrochondria isolated 
from avocados; cofactors required for this synthesis are 
ATP, CoA, and Mn**, Sunflower cotyledons and avo- 


cados are storage organs, The possibility of higher 
fatty acid synthesis by chloroplasts from leaves has not, 


however, been investigated, 

This communication reports the synthesis of higher 
fatty acids from acetate by spinach leaf chloroplasts, 
Light has been shown to have an activating effect on 
this process, Cofactors required for acetate incorpo- 
ration into higher fatty acids in both the dark and the 
light have been determined , 


METHODS 

Choroplasts were isolated from spinach leaves 
before the advent of the flowering stage. One hundred 
grams of leaves which had been thoroughly washed in 
distilled water were ground in a mortar with quartz 
sand in the presence of 80 ml 0.35 M sucrose made up 
in 0.2M tris buffer, pH 7.29, The homogenate was 
strained through linen and centrifuged twice for one- 
minute periods at 150gts remove cellular debris, Chlo- 
roplasts were separated from the supernatant by centri- 
fugation for 15 minutes at 900 g, and were then sus- 
pended in the buffered sucrose solution used earlier, 
Isolation of chloroplasts was carried out at 2°. 

Labeled acetate, cH,c'oou, and the necessary 
cofactors were added to the chloroplast suspension 
(total volume of the system,1.8 ml). Reactions mixtures 
were incubated in air in 50-ml Erlenmeyer flasks at 
20-25° on a mechanical shaker at 50-60 strokes per 
minute for 30-120 minutes, Flasks of the “dark” group 
were enclosed in sacks of black material impermeable 


to light. Flasks of the “light” group were illuminated 
by a battery of six 500-watt electric lamps. A water 
bath of window glass 2 mm thick with a 2-cm layer of 
flowing water was interposed between the lights and 
the shaker in order to prevent heating of the chloro- 
plast suspensions. Light intensity at the level of the 
flask was 7000 lux, 

To inactivate the enzymes, flask contents were 
transferred to centrifuge tubes containing 2.5 ml of a 
saturated NaHSQO, solution, The lipids were extracted 
with 1.0 ml chloroform by heating the tubes on a water 
bath at 40°, the tube contents being stirred with a glass 
rod, After centrifugation the chloroform extracts were 
separated off and a second extraction with a new portion 
of chloroform was performed, Chloroform extracts 
were placed on aluminum disks for determination of 
radioactivity in an MST-17 counter, Corrections were 
made for counter efficiency, A trial run showed that 
contaminating amounts of radioactive acetate not in- 
corporated into the lipid fraction which may be present 
are completely evaporated from the disks in the course 
of a day. 

After measurement of radioactivity, disks of a 
given treatment group from several experiments were 
pooled and extracted with anhydrous ethyl ether in a 
Soxhlet extractor.. The percentage of total radioactivity 
of the lipid fraction ascribable to the higher fatty acid 
fraction was determined by two methods in parallel. 

First method, Twenty ml of an ether extract of the 
lipid fraction was evaporated to a volume of 0,5 ml, 

In another tube, 0,2 g KOH was dissolved in 1.2 ml 
anhydrous glycerin by heating. The alkaline glycerin 
solution was poured into the tube containg the lipid 
fraction and heating was continued,with a vigorous stir- 
ring of the tube contents with a glass rod, The solution 
was cooled somewhat and then~0,.7 ml 25% H,SO, was 
added by drops. The higher fatty acids, which had 
risen to the surface, were extracted three times with 
anhydrous ethyl ether. Radioactivity of the ether ex- 
tracts was determined, From the data on radioactivity 
of the original lipid fraction and the radioactivity of 
the fatty acid component, the percentage of incorpo- 
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ration of acetate C™ into fatty acids was determined, 
Studies showed that ~ 93% of the acetate C™ incorpo- 
rated into the lipids was associated with the fatty acid 
fraction; no substantial deviations from this distribution 
pattern were noted for any of the experimental treat- 
ments employed, For example, in one of the analyses 
original radioactivity of the lipid fraction was 3010 
counts per minute, and radioactivity of the fatty acid 
fraction was 2820 counts per minute. Percentage of 
incorporation of acetate c™ into the fatty acid com- 
ponent of the lipid fraction was therefore 93,33, 
Second method, Twenty ml of an ether extract 
of the lipid fraction was evaporated to a volume of 
0.5 ml, 2 ml of 10% alcoholic KOH was added, and 
saponification was carried out by heating the mixture 
with a reflux condenser for 30 minutes, The aqueous 
extract of the salts of the fatty acids was neutralized 
with 2N H,SO, and fractionated according to the method 
of Lehninger and Smith [3]. To 12.5 ml of a solution 
of neutralized fatty acids was added 1.0 ml 20% CuSO,; 
the mixture was shaken and 1.5 ml of a 10% suspension 
of Ca (OH), was added. The flask contents were stirred 
and centrifuged after 15 minutes, With such treatment, 
the fatty acids with more than ten carbon atoms form 
insoluble calcium and copper salts which precipitate. 
Radioactivity of the precipitate was determined, cor- 
rection for absorption of B-rays by the precipitants 
being made, From the data obtained, the amount of 
radioactive acetate incorporated into the higher fatty 
acids (> Cy) was determined, Analysis of the dis- 
tribution of label in the lipid fraction showed that 
~ 15-80% of the radioactivity was concentrated in the 
higher fatty acids. No significant deviations from this 
pattern of distribution with experimental treatment 
were found. In addition to the fatty acids, acetate cl4 
could have been incorporated into the steroids of the 
lipid fraction. However, data on the radioactivity of 
the unsaponified part of the lipid fraction indicate 


that under the experimental conditions employed in- 
corporation into steroids was slight in comparison with 
incorporation into higher fatty acids. 

Calculation of incorporation of acetate into higher 
fatty acids of the lipid fraction was made according 
to the results on distribution of radioactivity with 
various experimental treatments obtained by the second 
method of fractionating the lipid extracts. 

Nitrogen was determined by degradation of the 
chloroplast samples with H,SO, in Kjeldahl flasks 
followed by determination of ammonia in Conway 
vessels [4]. Chlorophyll was determined by colorimetric 
measurements of alcoholic extracts of the chloroplast 
suspensions and comparison with standard chlorophyll 
solutions. Ratios between protein nitrogen content and 
chlorophyll content of the chloroplast suspensions were 
close to unity. 

CoA preparations of 95% purity, Ba salt preparations 
of ADP, and AMP-5" preparations of 99% purity (L. Light 
firm) were employed, ADP was obtained from its Ba 
salt by the method of Umbreit, Burris, and Stauffer [5]. 
Results presented in Tables 1-3 and the two figures were 
obtained using an ATP preparation free of ADP and 
AMP-5'. The following experiments (Tables 4 and 5) 
were performed using an ATP preparation from the 
Ivanov meat plant. All acids were neutralized with 
potassium hydroxide to pH 7.25, 


RESULTS 


It was shown that during incubation of isolated 
chloroplasts with radioactive acetate in the dark there 
is very slight incorporation of acetate into the higher 
fatty acids, As Table 1 shows, the cofactors for this 
process are ATP, CoA, and Mn**, 

A study of the effect of length of incubation period 
and pH of the medium was made in order to determine 
optimal conditions for incorporation of acetate into the 
higher fatty acids. Fig. 1 shows that during the first 120 


TABLE 1. Cofactors of Incorporation of Acetate into Higher 
Fatty Acids by Spinach Leaf Chloroplasts, { total reaction 
volume, 1.8 ml. incubation 60 minutes at 22° in the dark} 


Reaction mixture components 


Complete system * 
Complete system without 


CoA, MnSO, 


ATP 

2 . CoA 
MnSO, 
ATP, 


Acetate incorporated, 
counts/min, 


50 


*Complete system contained 1.5 ml chloroplast suspension 
(15 mg protein) in 0.35M sucrose made up in 0.2M tris buffer, 
pH 7.20, and also (in p moles}; ATP— 5,0; CoA—0.3; MnsO,- 
—0.9; labeled acetate—1.2 (0.5 Curie). 





minutes,amount of label incorporated is proportional to 
incubation time, after which incorporation slows down 
or ceases entirely. Incorporation is most effective at 
pH of 7.2-7.3 (Fig. 2). At concentrations of 0.6-1.2 
moles per 1.8 ml incubation medium, labeled acetate 
did not inhibit synthesis of the higher fatty acids, At 
concentrations from 1.8°1075 to 1,8: 1074, CoA stimu- 
lated fatty acid synthesis; higher concentrations were 
not studied. The presence of ATP in the reaction mixture 
is necessary for the effective incorporation of acetate 
into higher fatty acids, The optimal concentration is 
between 5.3* 107° and 10.6+10™ M (Table 2). 

One of the cofactors of acetate incorporation into 
higher fatty acids is the Mn** ion (Table 1). The effect 
of a number of concentrations of this ion on acetate in- 
corporation is shown in Table 3; optimal levels were 
1:107 and 5-10~* M. 

The data of Tables 1-3 indicate the existence of an 
enzyme system in spinach leaf chloroplasts which medi- 
ates the synthesis of higher fatty acids from acetate. 


Counts/ min x 100 
24 


16 


JO 60 0 : 151 
min 
Fig. 1. The effect of length of incubation 
period on incorporation of acetate into 
higher fatty acids by spinach leaf chloro- 
plasts, For experimental conditions, see 
Table 1. 


Incorporation of acetate into higher fatty acids 
involves the participation of CoA, which is a component 
of plant enzyme systems. Kaplan and Lipmann [6] found 
0.74 units of CoA per g wet weight in spinach leaves, 
Our results (Table 1) indicate that addition of CoA to 
the incubation medium increases the rate of acetate in- 
corporation into higher fatty acids, i.e., CoA is a coen- 
zyme of acetylation in the chloroplasts. The role of 
acetic acid in fatty acid synthesis involves the formation 
of acetyl-CoA from acetate and CoA, The acetate- 
activating enzyme system which mediates this reaction 
was first found in plants by Millerd and Bonner [7]. The 
next stage involves the interaction of two acetyl-CoA 
molecules and the formation of acetoacetyl-CoA. By 
successive interactions with new acetyl-CoA molecules, 
the carbon chain of the fatty acid is build up. In their 
experiments with avocado mitochondria, Stumpf and 
Barber [2] have demonstrated the important role of ATP 
in fatty acid synthesis. Results presented in Tables 1 
and 2 show that ATP is a necessary cofactor for the 


Counts /min x 100 


13 


a rT 


Fig. 2. The effect of pH of the medium 
on incorporation of acetate into higher 
fatty acids by spinach leaf chloroplasts. 
For experimental conditions, see Table 1. 


TABLE 2. The Effect of ATP Concentration on Incorporation of 
Acetate into Higher Fatty Acids by Spinach Leaf Chloroplasts. 
total reaction volume, 1.8 ml. gas phase, air. Incubation 


95 minutes at 22° in the dark 


Reaction mixture components 


— 


Complete system * 


Complete system + 5.0 moles ATP 


" +10.0 * 
* - +20.0 * 
+30.0 "* 


a 


Acetate incorporated, 
counts/min. 


Complete system without CoA, MnSO,, 


ATP 


90 


*Complete system contained 1.5 ml of a chloroplast suspension 
(20 mg protein) in 0.35 M sucrose made up in 0.2 M tris buffer, 
pH 7.29, and also (in p moles): CoA—0.3; MnSO4—0.9; labeled 
acetate 1.2. 





TABLE 3. The Effect of MnSO, Concentration on Incorporation 
of Acetate into Higher Fatty Acids by Spinach Leaf Chloroplasts. 
(for experimental conditions, see Table 2) 


Reaction mixture components Acetate incorporated, 
counts/min. 


Complete system * 1 440 
Complete system + 0.9 y moles MnSO, | 1 800 
The same + 1.8 p moles 2 020 


7 ee oe Ae 1 650 


*Complete system contained 10 p moles ATP; levels of other 
reaction components, except for MnSO,, as in Table 2. 


TABLE 4. The Effect of Illumination and of Cofactors on Incorporation of Acetate into 
Higher Fatty Acids by Spinach Leaf Chloroplasts (in counts /minute).( total reaction 
volume, 1.8 ml. i:ncubation 90 minutes at 22° ) 


Conditions of incubation | Light 
Reaction mixture components . | dark dark 


complete system * 
complete system without ATP 

ye . “~~ ATP, CoA, MnSO, 
complete system 


complete system without ATP 
> z a ATP, CoA, MnSO, 


= 


- 


woe 
Oh or 


complete system 
complete system without ATP 
* & = MnSO 
re e fi ATP, CoA, MnSO, 105 


i wy OTe Co Co 
“1 fo & & 01 OO tO 


*Complete system contained: 1.5 ml of a chloroplast suspension (~1.8 mg chlorophyll) 
in 0.4M sucrose made up in 0.2M tris buffer, pH 7.29, and also (in p moles); ATP- 5.0; 
CoA~ 0.3; MnSO,~- 0.9; labeled acetate—1.2 (0.5 Curie). 


TABLE 5, The Effect of Illumination and ATP Concentration on Incor- 
poration of Acetate into Higher Fatty Acids by Spinach Leaf Chloroplasts 


(in counts/minute).( t otal reaction v olume, 1.8 ml. Incubation 90 
minutes at 22°) 


——Reseton mitue componems [ea eae Light 
Reaction mixture components | Tighe | dark | dark 


Complete system 3 450 Av ,! 
Complete system + 9,0) pmoles ATP 760 | 1 500 5, 
: ° Loo » » 200 2 70 
oo 4.0 » » 3020 | 6 000 
Complete system without CoA, MnSQ,, ATP My ta 


’ 


*Components of the complete system, except for ATP, as in Table 4, 





enzymatic incorporation of acetate into higher fatty acids 
by spinach leaves in the dark. The mechanism of acti- 
vation by Mn** ions (Tables 1 and 3) is still unclear. 

Later studies were devoted to the effect of illumi- 
nation on higher fatty acid synthesis, Table 4 shows that 
the rate of acetate incorporation by chloroplasts is in- 
creased by illumination, 

As Table 4 shows, cofactors for the photosynthetic 
incorporation of acetate into higher fatty acids are CoA, 
Mn**, and the ATP preparation. Differences between 
incorporation in the light and the dark were observed 
both with the complete system and also with systems from 
which one or all the cofactors had been excluded, al- 
though in this case the rate of photosynthetic incorporation 
is reduced several-fold (Table 4). With an increase of 
ATP concentration from 5 to 20 p moles in the incubation 
mixture, incorporation rate increases (Table 5), 

Table 5 shows that as ATP concentration is in- 
creased the ratio between incorporation in the light and 
in the dark (light/dark) falls. Thus , at an ATP concen- 
tration of 5 p moles it is 5.8, while at a concentration of 
20 pmoles it is 1.2. Therefore, an increase in ATP has 
resulted in an increase of acetate incorporation at the 
expense of the high-energy bond of ATP and to a re- 
duction in the relative rate of photosynthetic incorpora- 
tion, An analysis of the data of Tables 4 and 5 also shows 
that the highest light/dark ratios were obtained in the 
absence of ATP alone or of ATP together with other 
factors. This led to the hypothesis that photosynthetic 
incorporation is not dependent on ATP, The amount of 
acetate incorporated in the light in the absence of ATP 
is, however, slight. Addition of ATP to the chloroplast 


suspension resulted in an increase in the amount of acetate 
incorporated photosynthetically. This led us to assume 
that the ATP preparation used also contained other nucle- 
otide which probably participate in the photosynthetic 
incorporation of acetate into higher fatty acids. Analysis 
of the ATP preparation used in the experiments reported 
in Tables 4 and 5 revealed that they contain 69% ATP, 
23% ADP, and 5% AMP. (Determinations were made with 
the anion exchange resin EDE-10-P[8]). Thus, the as- 
sumption developed that possibly ADP and AMP-5* 
participate in the photosynthetic incorporation of acetate 
into higher fatty acids by chloroplasts. 


Results of studies of the effect of ADP, AMP-5"* and 
inorganic P on the photosynthetic incorporation of ace- 
tate are presented in Table 6, 


These results indicate that ADP is a cofactor of 
acetate incorporation into higher fatty acids. Addition 
of ADP to the incubation mixture resulted in a signi- 
ficant increase in rate of label incorporation in the light 
and a slight increase in the dark. The light/dark ratio 
in the presence of ADP was always increased over the 
control (system without ADP), 


Addition of Pinorg together with ADP (Table 6) de- 
pressed incorporation. Pinorg was added to the incuba- 
tion medium (together with ADP) in order to clarify the 
relation between the photosynthetic acetylation found 
in this study and photosynthetic phosphorylation which 
occurs in chloroplasts [9-11]. Molar concentrations of 
ADP and Pinorg corresponded to those necessary for 


photosynthetic phosphorylation in suspensions of spinach 
chloroplasts. 


TABLE 6. The Effect of ADP, AMP-5S', and Inorganic Phosphate on the Photosynthetic 
Incorporation of Acetate into Higher Fatty Acids by Spinach Leaf Chloroplasts (in 


counts/minute),(t otal reaction v olume 1.8 ml. 


Reaction mixture components, 1 moles 


Complete system 
Complete system + 4.1 ADP 


Complete system 
Complete system + 4.1 ADP 


Complete system 

Complete system + 4.1 ADP 
+ 

ee al + 

ve ef + 


omplete system 
omblete system 
7 7 


et 
” 


Complete system 
Complete system + 


DP 
MP 


4.1 
1.3A 
7.3 
4.1 
4.1 
7.3 
7.3 
+ 4.1 
+ 4.1 


A 
AD 
A 
AM 
A 
A 
A 


*Components of complete system, except for ATP, as in Table 4 


+.4,1 ADP and 5.0 KHyPO, 
+ 4.1 ADP and 5.0 KHyPQ, 


— and 3.7KH,PO,,Na,HPO4 
MP and 3.7KH,POQ,,Na,HPO 


DP and 3.7KH,PQ,,NagHPO 
MP and 9. TK HpPOg, NagHPO, 


Incubation 120 minutes at 22°) 


Conditions of incubation Light 
dark _ dark 


600 
900 
330 
960 
960 
480 
520 
870 
990 
780 
870 
630 
810 
920 
780 
900 


om 
nwo 


Is 00 Hs 3 00 Go CO CTO END 


Pe ae a 


NWUOURF IE Or OWNS 


a a) 


wos sot > 


ee ee DS OTD OO Co We OO 
e nee nm 7m ¢ " 


=> 
S 
) 

~] <) -)] = 


- < 


. KH,PO, and 


NagHPO, introduced as a solution buffered at pH 7.29. 





TABLE 7, The Effect of ADP Concentration on Photosynthetic Incorporation 
of Aceiate into Higher Fatty Acids by Spinach Leaf Chloroplasts (in counts/ 
/minute).( total reaction volume, 1.8 ml. Incubation 120 minutes at 22° ) 


Reaction mixture components in 


ut moles 


Complete system * 
Complete system + 3.8 moles ADP 
" + c " ” 


+0.9 ° . 


Cond. ofincubation Light 
light | dark dark 


1 
O40 300 6,8 
980 600 13,3 
560 13,3 
5 400 2 12,9 


*Components of complete systems, except for ATP, as in Table 4. 


It could be concluded on the basis of these data 
(Table 6) that photosynthetic incorporation of acetate 
into higher fatty acids is not related to the photosynthetic 
formation of ATP, When ADP and Pinorg were present, 
photosynthetic formation of ATP could take place, and 
yet, as the results show, Pinorg depressed photosynthetic 
incorporation of acetate. 

It should also be noted that photosynthetic phos- 
phorylation of ADP in chloroplasts from young spinach 
leaves proceeds only in the presence of ascorbic acid 
{12}; no ascorbic acid was added to the incubation 
mixture in our experiments, however, and nevertheless 
photosynthetic incorporation of acetate was vigorous. 
This is still further proof that in these experiments there 
was photosynthetic incorporation of acetate into higher 
fatty acids involving ADP; such incorporation was not re- 
lated to the photosynthetic formation of ATP and a sub- 
sequent utilization of its energy. 

When AMP-5" was added to the incubation medium 
(Table 6), photosynthetic incorporation of the label was 
reduced, The reduction was still greater if Pj,o., Was 
added together with AMP-5'. Concentrations of RMP-5" 
and Pinorg employed were those required for the photo- 
synthetic phosphorylation of adenylic acid in chloroplast 
suspensions which has previously been thought to occur 
(9,10]. These results indicate that AMP-5" does not 
participate in photosynthetic acetylation under the ex- 
perimental conditions employed. 

Experiments on photosynthe‘ic acelylation with ATP 
preparations completely free of admixtures of ADP were 
not performed, since ATPase is very active in spinach 
chloroplasts [13]. Such experiments would therefore be 
of little value without the use of a specific inhibitor of 
ATPase. 

In the light of the discovery of participation of ADP 
in photosynthetic acetylation, the effect of various ADP 
concentrations on rate of acetate incorporation was then 
studied (Table 7). 

It was established that catalytic amounts of ADP 
(0.9  mole/sample) are required for photosynthetic 
acetylation; a four-fold increase in ADP results in only a 
slight increase in the light/dark ratio. 
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TABLE 8. The Dependence of Photosynthetic In- 
corporation of Acetate (in counts/minute) into 
Higher Fatty Acids on Chlorophyll Content of 
the Chloroplast Suspension. System Contained: 
1.5 ml of a Chloroplast Suspension in 0.4M 
Sucrose made up in 0.2M Tris Buffer, pH 7.29, 
and also (in tmolesk CoA—0.3; ADP—2.0; 
MnSO,- 0.9; C!4-acetate—1.2 (0.5y Curie). 

( total reaction volume, 1.8 ml. Area of the 
base of the erlenmeyer flasks in which in- 
cubation was carried out—16 cm. Light in- 
tensity, 7000 Lux. Incubation 120 min. at 20° ) 


of chloroplast sus- 
pension, mg | light | dark 


Chlorophy] content|Cond. of var Light 


dark 


3,: 8 430 590 
8 670 560 
9 000 350 
4 560 600 
1 770 480 


Results of all the experiments reported in Tables 6 
and 7 are in close agreement as to the absolute amount 
of acetate incorporated into higher fatty acids in the 
light in the presence of ADP under identical experimental 
conditions. The relatively high ratio in one of the ex- 
periments with ADP (Table 6) is due to the small dark 
incorporation, which is evidently the result of a reduced 
ATP level in the chloroplasts, a condition associated 
with the state of the leaves prior to extraction of the 
chloroplasts (light conditions, temperature conditions, 
etc.). 

The rate of photosynthetic incorporation of acetate 
into higher fatty acids depends,as was to be expected, on 
the amount of chlorophyll in the chloroplast suspension 
(Table 8). 

The highest rate of incorporation was observed at a 
total chlorophyll content of ~0.8 mg. Further increase 
in the quantity of chloroplasts in the suspension did not 
result in an increased incorporation rate; this is evidently 
associated with an insufficient illumination throughout 
the chloroplast suspension, 





TABLE 9, The Effect of Thorough Washing of Chloroplasts on Photosynthetic 
Incorporation of Acetate into Higher Fatty Acids (counts/minute). ( total 
reaction volume, 1.8 ml. Incubation 120 minutes at 22°” ) 


Reaction mixture components 


Cond. of ee Light 
_light | dark | dark 


Unwashed chloroplasts 


Complete system * 
Complete system + ADP 


Complete system + ADP, KH,PO,, Na, HPO, 


Complete system + CoA, MnSO, 


960 320 
5 520 570 
3 330 540 
660 PAD 


Washed chloroplasts 


Complete system 
Complete system + ADP 


420 240 1,8 
L 420 390 3,6 
99 


+ ADP, KH,PO4, Na, HPO, 990 460 2,2 


without CoA, MnSO, 


360 120 3,0 


*Complete system contained: 1.5 ml of a chloroplast suspension (1.5 mg 
chlorophyll) in 0.4M sucrose made up in 0.2 M tris buffer, pH 7.29, and 
also (in p moles) CoA~ 0.3; MnSO,- 0.9; cM -acetate—1.2 (0.5 p Curie); 


ADP— 3.6; KH,PO, 3.7 (buffer pH 7.29). 


When chloroplasts were washed in the sucrose buffer 
solution two times, there was a significant decline in the 
rate of acetate incorporation under comparable experi- 
mental conditions, In the experiment summarized in 
Table 9, the isolated chloroplasts were suspended in 
50 ml of 0.4M sucrose made up in 0.2M tris buffer, pH 
7,29, and then precipitated by centrifugation at 900 g 
for 10 minutes at 2-4°, This washing procedure was 
then repeated, Experiments were carried out with chlo- 
roplast suspensions containing the same amounts of 
chlorophyll per unit volume. 

Table 9 shows that when chloroplasts are washed 
twice there is a reduction in the rate of photosynthetic 
incorporation of acetate into higher fatty acids and also 
a reduction in dark incorporation rate which is relatively 
smaller, The activation of acetate incorporation by 
ADP is observed both in the light and the dark, The 
nature of the activating factor which is removed as a 
result of washing of washing is still obscure. 

Plant age is of considerable influence on the rate 
of photosynthetic acetate incorporation, The highest 
rates were obtained with chloroplasts isolated from leaves 
prior to the advent of flowering. They were somewhat 
lower during the flowering stage, and during the seed— 
maturation stage no incorporation was found. 

This may be explained as follows, At early stages 
of development there is a rapid formation of chloroplasts 
in leaf cells. The utilization of light energy for the 
photosynthetic formation of higher fatty acids promotes 
an intensification of synthetic processes in chlorophyllous 
tissues, At later stages of development, formation of 
protoplasmic structures slows down, and since the higher 


fatty acids are not transportable products of photosynthesis, 


their photosynthetic formation slows down, and later 
ceases entirely. 


DISCUSSION 


The data presented indicate two different me- 
chanisms of acetate incorporation in fatty acid bio- 
synthesis by spinach leaf chloroplasts, One involves the 
utilization of the high-energy bond of ATP, while the 
other is based on the more direct utilization of light 
energy. 

A group of American workers under Arnon [14] has 
shown that the transformation of light energy into energy 
of ATP occurs in chloroplasts according to the following 


scheme: light 


chlorophyll 


ATP 


ADP + Pinorg 


Our data have shown that the photosynthetic in- 
corporation of acetate into higher fatty acids is not 
energetically related to the photosynthetic formation 
of ATP, 

The following mechanism of acetate activation, 
one which assumes an intermediate acetyl-adenylate 
compound (acetyl ~ AMP), was established by Berg [15, 
16] for heterotrophic organisms (yeasts). 


ATP + acetate  ATP~acetyl + PP 


AMP~acetyl + CoA £ acetyl~CoA + AMP 


Berg's conclusions have been confirmed by studies 
with microorganisms [17, 18] and by experiments with 
pigeon liver enzyme preparations [19]. 

The cofactors of photosynthetic incorporation of 
acetate into higher fatty acids in our investigations 





are ADP, CoA, and Mn** ions; the process requires light 
and chlorophyll, AMP and P;,,5,, inhibit the reaction. 
The following scheme for photosynthetic incorporation 
of acetate into higher fatty acids is proposed on the 
basis of the data presented: 

light 
chlorophyll 
ADP~ acetyl + CoA 


ADP + acetate ADP~ acetyl 


acetyl~CoA + ADP 


A high-energy ADP~acetyl compound is formed in the 
light in the presence of chlorophyll and then reacts with 
CoA to give acetyl-CoA, The carbon chain of the highe 
fatty acids may then be built up by successive inter- 
actions of several acetyl-CoA molecules, ADP acts as 
an acetate acceptor in photosynthetic acetylation, In 
the transfer of the acetyl residue from ADP~acetyl to 
CoA, there is a reduction of the ADP molecule. Thus, 
while during photosynthetic phosphorylation in chlor- 
oplasts [14] there is an uptake of Pinorg: by ADP, 
during photosynthetic acetylation there is an uptake 

of acetate by ADP; ineach case, a high-energy com- 
pound is formed at the expense of light energy. The 
scheme of photosynthetic activation of acetate pro- 
posed requires more intensive study, and further in- 
vestigations should be directed primarily to the estab- 
lsihment of the as yet hypothetical intermediate 
ADP~acetyl, 

Acetate incorporation in the dark utilizes the 
energy of ATP, other cofactors being CoA and Mn*tions. 
The mechanism of acetate incorporation in the 
dark, which is derived from that of incorporation in 

the light, may be indicated as follows: 


ATP + acetate——eADP~ acetyl + P 


ADP~ acetyl + CoA acetyl ~CoA + ADP 


ADP~ acetyl is formed by the interaction of acetate 
and ATP, The following reaction (formation of acetyl- 
-CoA) is the same as for photosynthetic incorporation. 

The role of Mn** ions probably involves formation 
of complexes of Mn** with certain intermediates during 
acetate activation,which lowers the energy barriers to 
reactions involving with intermediates. 

The biological significance of the mechanism of 
photosynthetic acetylation proposed is that with the 
formation of ADP~ acetyl at the expense of light energy 
an additional energy transfer, from ATP, is eliminated; 
the system is thus more advantageous from an energetic 
point of view, since energy transfers through additional 
reactants lead to unproductive energy losses. 


SUMMARY" 


The in vitro incorporation of 1-c™ acetate into 
higher fatty acids of chloroplast lipids in spinach pro- 
ceeds in two different ways. 


The cofactors of dark incorporation of acetate into 
higher fatty acids of the chloroplast lipids are ATP, 
coenzyme A and Mn++ ions. 

The cofactors of photosynthetic incorporation of 
acetate into higher fattty acids of chloroplast lipids are 
ADP, coenzyme A and Mn** ions, The process occurs 
at the expense of light energy with the participation of 
chlorophyll, Inorganic phosphorus and adenylic acid 
inhibit photosynthetic acetylation. 

A scheme is presented illustrating photosynthetic 
activation of acetate in plant chloroplasts. 
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It was shown in previous communications [1, 2] 
that various tissue Cultures possess common metabolic 
characteristics, such as dislocations in the respiratory 
chain and a high level of aerobic and anaerobic gly- 
colysis, which are independent of their origin (normal 
and malignant cells), the DNA content in the nucleus 
(diploidal and heteroploidal arrangement of chromo- 
somes), and the duration of their stay in vitro, As evi- 
denced by a number of available data [3-5], an- 
aerobic glycolysis is of basic importance for the life 
function of tissue cultures and the reproduction therein 
of a series of viruses, Therefore, the possibility of 


changes in this very process should be of essential interest. 


A study of the influence of individual hormones on 
cell cultures presents a definite interest also when 
viewed as an attempt of selective regulation of meta- 
bolism on the cell level. As to insulin, it is known that 
this hormone affects certain metabolic processes in a 
number of tissue cultures, glycolysis in particular [6, 7]. 
In addition, the activation of glycolysis in the cells of 
malignant origin, as contrasted with embryonic cells 
which are resistant to insulin, is considered by some 
authors as one of the potential criteria of cells turning 
malignant under in vitro conditions [6]. In the light of 
these, as well as some other published data [8, 9], it is 
evident that tissue cultures offer a convenient model 
for the study of a number of problems linked with the 
elucidation of hormonal effect on isolated processes 
in whole uninjured cells, 

The subject of the present communication consists 
of results obtained by us in the study on the effect of 
insulin on the glycolysis of various cell cultures, 


EXPERIMENTAL 


Origin of cell material, The work was conducted 
on the following cell cultures: Seven—ten days old 
cultures of monkey (Macacus rhesus) kidney cortex 
(MK); cells from cancer cultures NEC-2 and HeLa [10, 
11], originating from malignant degenerated human 
epithelium; cells isolated from monkey heart (Macacus 
cynomolgus) (MH) [12], and cells obtained from em- 
bryonic rabbit kidney (REK) [13]. With the exception 
of MK, all of the enumerated cultures were continuous, 


namely, being regularly transplanted. 

The methods used in trypsin treatment, in culture 
technique, as well as for the removal of cells from the 
glass surface and their count, are described in previous 
communications [1, 2, 14]. Synthetic mixture No, 199, 
containing 20% human serum, served as nutrient medium 
for the HeLa cells. 

Biochemical methods, The manometric measure- 
ments and determinations of glucose and lactic acid 
were conducted as described in a previous work [2]; in 
samples containing sucrose, the conditions for the pre- 
cipitation of carbohydrates were somewhat modified 
to permit the determination of lactic acid; the fractiona- 
tion techniques have already been described [14]. A 
somewhat modified Tiedemann’s medium [15] was 
used for the determination of the glycolytic activity 
of separate cell fractions, The intensity of glycolysis 
was expressed in yg of lactic acid (accumulated within 
one hour of incubation at 37°) per 10° nuclei or per 1 mg 
of nitrogen determined colorimetrically by means of 
Nessler’s reagent. The statistical processing of the 
results was conducted in the usual way [16]. Various 
types of insulin were used: a domestic crystalline pre- 
paration, and in a few experiments in soluble form, as 
put out by Novo firm. 


RESULTS AND DISCUSSION 


Effect of Insulin on Glyolysis in Whole Celis 


In this series of experiments tests were performed 
on the effect of insulin on the intensity of glycolysis in 
various tissue cultures during proliferation and the 
stationary stage as well. 

in experiments with proliferating cells, insulin 
was introduced into the culture medium (synthetic mix 
No, 199) in amounts of 0.1 units per ml, and after an 
interval of 24 hours, glucose and lactic acid were de- 
termined in the fluid portion, as well as in the controls, 
of which every experiment contained not less than six. 
The increment index of the cell growth was determined 
from the ratio of the initial number of cells introduced 
into the medium and their number after a 24-hr incu- 
bation period. The mean of the number of cells pre- 
sent in the medium at the start and after 24 hours was 
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taken as their average number during this period. The 
experiments with cell cultures in the stationary state 
were conducted on cell suspensions in medium No. 
199 (without serum) for a two-hour period. 


TABLE 1. The Effect of Insulin on the Utilization of Glu- 
cose and the Accumulation of Lactic Acid in the Process 

of Proliferation of Tissue Cultures. (the figures represent 
the result of statistical processing of the percentage changes 
in the amount of glucose used and lactic acid formed in 
samples containing insulin, as compared with the controls 


ee 


Culture | Glucose | Lactic acid 


MH 39,7 + 8,4* |. 43,0 + 8,5 
t=4.8; p< 0,01; t=5,1; p< 0,001; 
n=8 n=9 
+-12,9+3,3 +412,84+4,0 
t=3,9; p< 0,01; = 3,3; p < 0,01; 
a= n= 10 

+3,0+3,6 

t = 0,8; p' >'0309; 

n=6 


*In this table is indicated the meanwith mean deviation, 
giving the essence of the difference (t) and the number of 
experiments (n). 


TABLE 2. Effect of Insulin on the Cell Mass Increment 


Increment index * 
Culture —— 


without insulin | with insulin 
MH 
NEC-2 
MK 


1,47 12 
1,60 9 
1.35: 6 » 


expts. 
» 


*The ratio between the final cell count to the initial one. 


Table 2 shows the results of the experiments re- 
lating to the influence of insulin on the glycogen in 
cells, MH, NEC-2 and MK, It is evident that insulin 
causes in MH cells a significant increase (average, 40%) 
in the utilization of glucose and an accumulation of 
lactic acid; less distinct, but quite definite statistically, 
is the effect of insulin on glycolysis in cells NEC-2, 

As to cells MK, the results are so far statistically un- 
certain, although in a few experiments there takes 
place an activation of glycolysis under the effect of 
insulin, It should be noted that according to some 
published data [6, 17, 18], insulin is capable of stimu- 
lating the mitotic activity of cells, which, according 
to Swann’s concept [19], may be one of the reasons 
for a stimulation of the utilization of glucose. How- 
ever, under our experimental conditions, insulin did 
not affect the accumulation of the cellular mass, 
The increment index in all of the cultures under 
study remained constant, whether in the presence or 
absence of insulin (Table 2). 
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Table 3 gives the results of experiments dealing 
with the effect of insulin on the accumulation of lactic 
acid by various cell cultures in a stationary state, The 
results are analogous with the ones obtained in the 
experiments with proliferating cells. Insulin did stim- 
ulate the accumulation of lactic acid by all cell 
cultures, except the MK cells, The comparatively 
high sensitivity of MH cells to the glycolytic effect 
of insulin is to be noted, In this instance, too, the 
activation amounted to about 40% (Table 1). In all 
of the other cultures the increase in glycolysis amounted 
to about 25%. 


TABLE 3, Effect of Insulin on Lactic 
Acid Accumulation in a Stationary 
Culture, (designations as in Table 1) 


Culture | Lactic acid 


43,8 + 9,3 
== 4,7; 
on 4 


MH ’ 
+7; p<0,001; 
4 
9 


5,0+4,7 
5,3; p<.0,001; 
n=8 

8 


+0,4+5, 
t=0,07; p > 0,05; 
n=7 

+ 26,2+ 8,2 
$2327 p< 9,01. 
n=4 


+ 28,0+ 8,3 
t{=3,4; p< 0,01; 
n=4 


It is evident from the obtained results that the 
glycolysis in all of our continuous samples, derived 
from tumors (the HeLa and NEC~2 cells) as well as 
from normal tissues (MH and REK cells), was equally 
sensitive to insulin, It is of interest that,in respect 
to DNA phosphorus content in the nucleus (which 
corresponds to the chromosome accumulation), the 
NEC -2, MH, and REK cells are approximately equal 
[2, 13]. The glycolysis in the cells of the original 
culture MK is resistant to insulin; the amount of DNA- 
-phosphorus in the nucleus of these cells corresponds 
to a normal, diploidal assortment of chromosomes. 

It appears very tempting to venture into the correlation 
between sensitivity to hormonal influences and the 
gradual transformation of the chromosome apparatus 

of the cell, However, any conclusions in this plane 
will be premature; one should take into consideration 
the fact that in primary cultures there may still be 
some antiinsulin forces at work. But one should note 
that after the initial “jump”, e.g., sharp metabolic 
changes immediately following the transplantation of 
the tissue into in vitro conditions, there is being ob- 
served, in the course of a prolonged culture, also a sub- 
sequent metabolism transformation [20, 21]. From this 
point of view it is of great interest that a number of 





viruses are well multiplying in primary cultures, while activated by the addition of boiled supernatant fraction, 
adapting themselves with difficulty to continuous tissue which indicates a lack of some thermostable cofactors 
cultures. (Fig. 2), It is of interest, that the lower the issuing 

As to the sensitivity of glycolysis to insulin as a glycolytic activity of the mitochondria as such, the 
criterion of malignancy, it can hardly be depended higher the degree of activation (experiments 1 and 2), 
upon, as already pointed out by us [2]. The difference and,in the instances where the issuing glycolytic activity 
in sensitivity to insulin glycolysis by embryonic and is comparatively high, no activation actually takes 
tumor cells observed by Leslie [6] can, presumably, be place on the addition of boiled supernatant fraction 
explained by the differences in the period of stay, under (experiments 3 and 4), Activation of mitochondrial 
in vitro conditions. It is not clear how to select the glycolysis by boiled supernatant fraction was observed 
crucial point in the life process of a culture where the also on brain and tumor mitochondria [25], which con- 
cell ceases to be normal and becomes cancerous. firms the similarity of certain phases of their meta- 

It is quite unlikely that the mechanism of insulin bolism. 
action on cell glycolysis in tissue cultures could be linked 
to an increased penetration of glucose into the cells, 
namely, permeability. According to Agol [22], the 
permeability of MH cells to glucose is very high; besides, 
in some of our experiments insulin was capable of in- 
ducing also a so-called “endogenous” glycolysis, e.g., 
an accumulation of lactic acid at the expense of intra- 
cellular stored materials. One should rather presume the 
possibility of the effect of insulin on some énzyme 
systems [23]. The fact stands out that , with a few ex- 
ceptions, there exists a direct relationship between the 
utilization of glucose and the accumulation of lactic 
acid, It probably indicates that the primary effect of 


insulin is linked with glucose transformation [24]. Fig. 1. Glycolysis in the 


separate fractions of MH 
Glycolysis of the Mitochondria of Monkey Heart Cells cells, The height of the 


and the Effect of Insulin 


HS 


dN 
8 § 


Lactic acid, 


S 


column corresponds to the 


The problem of the presence in mitochondria of a amount of accumulated 
glycolytic setup of enzymes is being answered in dif- lactic acid in. g/mg 
ferent ways for mitochondria of different origin. Contrary N per hr at 37°C. 1, the 
to the mitochondria of the liver and kidneys, the mito- homogenate; 2, the nuclei; 
chondria of brain and certain tumors possess glycolytic 8, the mitochondria; 4) the 
capacity [25, 26]. In view of the similarity in certain supernatant fraction 
metabolic aspects of tissue cultures and malignant 
tissues, one could expect that the mitochondria of tissue 
cultures would also possess glycolytic capacity. 


Figure 1 represents the results of a typical experi- 
ment dealing with the determination of glycolytic activity 
of separate cell fractions, expressed in pg of the lactic 
acid formed per mg N, As to the nuclei, this fraction 
was not of sufficient purity (it contained too many cell 
fractions), which prevented the determination of its 
activity. The most intensive glycolyzing activity was 
exhibited by the supernatant fraction, where the gly- 
colytic activity was not less, but equalto, and even higher 
than the one of the issuing homogenate, contrary to the Fig. 2. Effect of boiled 
classical data of Schneider and Potter [27] on liver. Asa supernatant fluid on 
rule, the mitochondria possess glycolytic activity, which mitochondria glycolysis. 
is however, insignificant, constituting one-sixth of the 1,2,3,4, the experimental 
combined glycolytic activity of the homogenate. Thus, numbers, The light columns 
in this respect the mitochondria of tissue cultures remind represent the mitochondria; 
one of the mitochondria of brain and tumors rather than the shaded columns, - the 
of liver and kidneys. In a number of instances the gly- mitochondria+the supernatant 
colytic system of the mitochondria could be substantially fraction, 





TABLE 4, Effect of Insulin on the Glycolysis 
of Mitochondria of Monkey Heart Cells. 
(amount of glycolysis in mg lactic acid/mg N) 


Mitochindria 


* |Mitochindria| , inguin 


Changes 
%o 


22* 25 
84 84 
63 63 
{ 714 69 


+ 44 
0 


71%* 69** 
112 106 
112** 106** 
39* 34 1 





*Mitochondria without the addition of boiled 
supernatent fluid. 

**The experiments were conducted under 
anaerobic conditions. 


The difference in activating potency of the super- 
natent fraction, which was observed in some experi- 
ments, could perhaps be explained by a different degree 
of mitochondrial rinse, while the latter was invariably 
performed in the same way, no less than twice, It is, 
however, not excluded that in individual experiments 
we were dealing with somewhat different mitochondria, 
since it is known from morphology [28] that the mito- 
chondria of tissue cultures are quite labile. 

Table 4 represents the experimental results on the 
effect of insulin (2 units per 2 ml of media) on glycolysis 
in mitochondria under various conditions. The results 
show, in this case, the absense of insulin effect. In this 
respect, our data differ from those published by Hochstein 
[29], who observed an activation of glycolysis by insulin 
by the mitochondria of ascitic tumors. One should, 
however, point out that Hochstein’s experiments were 
conducted at 20°C for a three -hour period. It is known, 
that the temperature factor plays an essential role in 
hormonal influence [30]. Thus, the “structurally or- 
ganized" glycolysis under our experimental conditions 
proved to be resistant to insulin, 

In conclusion, one should point out thata study on 
the influence of insulin on some unorganized systems of 
tissue Cultures seems very promising, as far as these 
cells are “freed* from any regulatory agents, due to the 
peculiar conditions of their existence, and the effect of 
separate factors can be manifested more clearly. As to 
insulin, it is capable not only of influencing the structure 
of the protein molecule [31], but also of affecting the 
activity of some purified enzyme systems (23, 32, 33]. 
There are good reasons to assume that there is a definite 
relationship between these factors. 


SUMMARY 


Insulin (0.1 unit per ml media) boosts the utilization 
of glucose and the accumulation of lactic acid in the 
process of proliferation of continuous tissue culture 
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specimen (the cancerous NEC-2 and the sample of cells 
derived from monkey heart). When applied in the same 
concentrations, insulin activates the accumulation of 
lactic acid also where the culture of these specimens is 
in a stationary state, as well as in the cancerous HeLa 
specimen and in cells derived from the embryonic kidney 
of rabbit. The glycolysis of a primary culture (the cortex 
of monkey kidney) remains under these conditions re- 
sistant to insulin. 

The main portion of glycolytic activity of a cell 
homogenate, derived from a monkey heart, is concen- 
trated in the supernatant fraction, but the mitochondria 
of these cells also possess glycolytic capacity. In some 
instances, the glycolytic ability of the mitochondria can 
be substantially activated by the addition of the boiled 
supernatant fraction, The mitochondrial glycolysis is 
insensitive to insulin. 

The obtained data were discussed from the point 
of view of the peculiarity of tissue culture metabolism 
and of the mechanism of insulin action. 
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The reaction of the nucleic acids with formaldehyde 
is of interest for two reasons; firstly, it is one of the 
characteristic reactions of nucleic acids from the 
chemical point of view and, secondly, it is a reaction 
which has a definite biological effect, namely, the 
inactivation of virus nucleoprotein[1-3]. The chemical 
mechanism of this reaction is of interest not only theo- 
retically, but also in practice, as it concerns the pre- 
paration of formalin-killed virus vaccines (against 
poliomyelitis, encephalitis, influenza, foot and mouth 
disease) which is being widely applied presently. 

One of the important stages in the study of the 
interaction of formalin with nucleic acids is the in- 
vestigation of its reactions with the constituents of 
these compounds, Fraenkel-Conrat [1] showed that the 
addition of formaldehyde caused a change in the ab- 
sorption spectra of the purine and pyrimidine derivatives 
containing an amino group, namely adenine, adenosine, 
and adenylic, guanylic and cytidylic acids; on the 
other hand, the corresponding spectra of thymine, uracil, 
uridine and of uridylic acid remained unaltered, The 
further study of these changes was hampered by the 
lack of methods for the investigation of the labile 
formaldehyde derivatives, particularly those which 
exist in solution, but cannot be isolated and cannot be 
studied under conditions where the system under in- 
vestigation remains unaltered, To this type of com- 
pounds belong the various addition or condensation 
products formed between formaldehyde and a variety 
of natural products, such as amino acids, proteins and 
carbohydrates. It was reasonable to assume that at 
least some of the reactions of formaldehyde with 
nucleic acids and their components proceed with the 
intermediate, or perhaps terminal, formation of such 
condensation products, 

The application of a method previously described 
[4] for the determination of free formaldehyde in the 
presence of its labile derivatives afforded a new ap- 
proach to the solution of some of the problems con- 
cerned with the study of the interaction of formaldehyde 
with purine and pyrimidine derivatives, 
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METHODS 

Materials. The synthetic samples of purines and 
pyrimidines (with the exception of adenine and cytosine) 
used in the present experiments were gifts from the 
Laboratory of Heterocyclic Compounds VNIKhFI, Ade- 
nine, cytosine and the nucleosides and nucleotides 
were commercial preparations, Adenine, adcniiie 
sulfate, adenosine, inosine, uridine, and guanylic acid 
were purchased from German (GFR) firms; adenylic 
acid was purchased from a German firm and from NB 
Co. and cytosine and the pentoses from NB Co, Com- 
mercial preparations of hypoxanthine (NB Co.),uracil, 
and thymine (Light's) were compared in experiments 
with the corresponding synthetic preparations obtained 
from VNIKhFI, Identical results were always obtained 
when samples of one compound, obtained from various 
sources, were used, 

The formaldehyde solution used was a dilute for- 
malin solution, purified by passage through activated 
charcoal. In a number of experiments paraformaldehyde 
solutions were used; the results were invariably the 
same as with formaldehyde, 

Analytical methods, Free formaldehyde was 
estimated as described before [4], with some improve- 
ments, 

The diffusion apparatus was prepared from lucite 
by turning on a lathe (this simplifies the manufacture 
and allows the preparation of any number of identical 
vessels), The inner chamber was replaced by a watch 
glass. The watch glass was fixed to the vessel by means 
of a drop of melted paraffin wax which formed an 
attachment on solidifying. In order to bring the test 
solution into the closest possible proximity with the 
absorbing liquid, it is necessary for the solution to fill 
the vessel to the upper edge of the central island with- 
out, however, running underneath the watch glass. In 
the apparatus of the dimensions shown in Fig. 1, 2 ml 
of the solution was sufficient to fill the space (as 
compared with 20 ml in the previously described ap- 
paratus), water (0.04 ml) was placed on the watch glass. 
The vessel was filled and covered with a ground glass 





AR SF-4 colorimeter, Nitrogen was determined by the 
4 


A 3 Kjeldahl method, as modified by Conwa 
y 4 , y y- 
ee MDA Experimental details. All solutions were prepared 


in 1/15 M phosphate buffer, pH 7.4. Each solution 
contained one of the purine or pyrimidine derivatives 
Fig. 1. Schematic draw- and formaldehyde. The initial concentrations of the 
ing of the diffusion ap- reactants were 0.01 M (these were checked by nitrogen 
paratus. Transverse section, analysis and iodometrically; formaldehyde was estimated 
Dimensions in mm. in control solutions), Aliquots of the solutions were 
incubated in sealed tubes for 24hr at 25-26°, before the 
lid sealed with a mixed paraffin-vaseline lubricant. diffusion and quantitative determination of free for- 
The use of small volumes and of optimal dimensions maldehyde, Control incubations were also carried out 
of the diffusion vessel allowed to cut diffusion times with 0.01 M solutions of formaldehyde alone. In the 
down to 18 hours, At this time equilibrium was es- final colorimetric estimation the solution taken from 
tablished and free formaldehyde concentrated on the the watch glass of the control vessel was used as a 
watch glass. A sample of the solution (0.02 ml) was formaldehyde standard. Such a comparison of the total 
then removed from the watch glass and the free form- and free formaldehyde excluded several sources of 
aldehyde was estimated colorimetrically (with phenyl- error and allowed a more accurate determination of 
hydrazine). Optical densities were measured with an the bound formaldehyde,which was calculated as the 


TABLE 1. The Interaction of Purine and Pyrimidine Derivatives With 
Formaldehyde in Aqueous Solutions. (initial content of reactants per 
test (10 ml) 100 pmoles, Final pH 7.34 0.1; Temp., 25-26") 


Compound investigated Formaldehyde 
reacted, 1: moles 


Pyrimidine derivatives 


Uracil 

Thymine 

1,3--dimethyluracil 

Uridine 

Cytosine 

2-amino-6-hydroxypyrimidine (isocytosine) 
2-aminopyrimidine 
2,4-dihydroxy-6-aminopyrimidine * 


Purine derivatives 


Adenine 

Adenosine 

Adenylic acid 

Guanylic acid 

Hypoxanthine 
1,3-dimethylxanthine (theophylline) 
2,6,8,-trichloropurine * * 
Inosine 
1,9-dimethylisoxanthine 
1,3,9-trimethylisoxanthine * * 
D-ribose 

D-2-desoxyribose 


*In view of the poor solubility of 2,4-dihydroxy-6-aminopyrimidine, it 
was dissolved at 50°. A crystalline precipitate appeared upon the addition 
of formaldehyde, The subsequent determinations with this suspension 
were the same as with the other solutions. 

** This compound has a solubility in water somewhat below 0.01 M. 





difference between the total and free formaldehyde. 

Control experiments showed that, during the ex- 
perimental period employed, there was no unaccounted- 
for disappearance of formaldehyde, nor was there any 
increase in the amount of bound formaldehyde after 
the equilibrium period chosen, even over incubation 
periods up to 13 days. 

The chief complication in the present experiments 
arose from the poor solubility of some of the purine 
and pyrimidine derivatives, Because of this, some of 
the compounds (guanine, guanosine, xanthine and 
others) were not investigated. 


RESULTS 


It will be seen from Table 1 that the pyrimidines 
which contain an amino group differed sharply,in their 
reaction with formaldehyde.from uracil derivatives, 
which are devoid of amino groups, thus indicating the 
importance of this group in the reaction. In the re- 
action with uracil or thymine the amount of free for- 
maldehyde which disappeared was very small and was 
of the same order of magnitude as the experimental 
error. Nevertheless, the large number of reproducible 
values, and similar results of spectrophotometric de- 
terminations [1], indicate that this decrease is, ap- 
parently, significant. Uridine and 1,3-dimethyluracil 
failed to react at all with formaldehyde under the 
present experimental conditions, probably because of 


the substitution in these compounds of the mobile hy- 
drogen in position 3, 


A similar relationship held for the purine derivatives. 


Those containing the amino group, namely adenine, 
adenosine, adenylic acid and guanylic acid, reacted 
with formaldehyde, Additional experiments were carried 
out in order to check the possibility of guanylic acid 
reacting with formaldehyde through the hydroxyl group 
of the purine base (in the tautomeric form—an NH group 
in position 1). The most useful comparison for this 
purpose was that with inosine—a nucleoside with a hy- 
droxyl in the position 6 of the purine and no amino 
group in position 2, Under the conditions of the experi- 
ment inosine did not react with formaldehyde, while 
hypoxanthine did, This interaction was apparently made 
possible through the mobile hydrogen atom which re- 
sonates between the nitrogen atoms in positions 7 and 9 
and which is substituted by ribose in the nucleoside. 

The availability of position 9 as a site for formaldehyde 
binding was demonstrated by the case of considerable 
formaldehyde uptake in the reaction with 2,6,8-tri- 
chloropurine, where the only unsubstituted hydrogen is 
that in position 9. The attachment of formaldehyde 
to the -NH group in this position appears to be the only 
means for the reaction of 2,6,8-trichlonopurine with 
formaldehyde, A similar explanation holds for the re- 
action of formaldehyde with 1,3-dimethylxanthine since 
in the latter compound the mobile hydrogens in positions 
1 and 3 are substituted by methyl groups, but the inter- 
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action with formaldehyde is excluded only if position 9 
becomes unavailable (as in the case of 1,3,9-trimethyli- 
soxanthine and also 1,9-dimethylisoxanthine). 

Thus the hydroxypurines, containing hydroxy- (or 
oxo-) groups in positions 2 and 6 reacted under the condi- 
tions of the present experiments with formaldehyde not 
through these latter groups, but through the > NH groups 
of the heterocycle, in positions 9 or 7; under the present 
conditions only the amino group reacted with formalde- 
hyde in adenosine and in adenylic and guanylic acids. 

The reaction of formaldehyde with the -NH, or > NH 
groups also indicates the probable type of the reaction: 
hydrated formaldehyde reacts with such functional groups 
by direct condensation. In the present experiments the 
amount of formaldehyde bound was below theoretically 
possible equivalent values, which was probably due to 
the existence of an equilibrium with a considerable shift 
towards the hydrolysis of the complex formed. Some of 
the solutions (with adenine, adenosine, adenylic acid, 
hypoxanthine, thymine, uracil and cytosine) were diluted 
with water and subjected to distillation, The formalde- 
hyde distilled over quantitatively. 

The pronounced reversibility of the reactions, which 
is characteristic for the hydroxymethyl derivatives of 
formaldehyde, thus indicates that, of the two possible 
types of formaldehyde condensation products (resulting 
in hydroxymethyl or methylene derivatives, respectively), 
those encountered in the present experiment are of the 
hydroxymethyl type (> NCH,OH). 

Under altered experimental conditions it was firstly 
desirable to investigate the effect of Ht and OH ions— 
the most important and most generally encountered 
catalysts of the reactions involving formaldehyde con- 
densations with other compounds. When formaldehyde 
binding by adenine, adenosine, adenylic acid, hypo- 
xanthine and thymine was investigated in the pH range 
2.4-10.8, the results were. in all instances the same as 
observed previously at pH 7.4, Condensation was actually 
slightly depressed at the extreme acid or alkaline pH 
values, This is in accordance with the results of Staehelin 
[3], who found that pH variation between 5 and 8 did 
not affect the reaction of formaldehyde with RNA, Lauffer 
et al, [2] also found that the rate of inactivation of 
tobacco mosaic virus with formaldehyde varied little 
between the limits of pH 4,1-8.4. The first authors’ 

(3] explanation of the effect, based on the absence of 
dissociation of the amino groups of these compounds in 
the pH limits studied, appears to be convincing. 


The Condensation of 2,4-Dihydroxy-6- 
Aminopyrimidine with Formaldehyde 


The compound 2,4-dihydroxy-6-aminopyrimidine 
(its tautomeric form is 2,4-dioxo-6-iminohexahydro- 
pyrimidine) -I, is of particular interest as a close analog 
of two component bases of the nucleic acids— cytosine 
(II) and uracil (III). 
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In the experiment with this analog the reaction 
product was actually isolated, 2,4-Dihydroxy-6-amino- 
pyrimidine was shown to react with formaldehyde quanti- 
tatively: Addition of excess formaldehyde to the super- 
natant caused no further precipitation and practically 
the entire nitrogen was removed from the solution, The 
stoichiometric reaction (Table 1)— one molecule of 
formaldehyde for two molecules of 2,4-dihydroxy-6- 
-aminopyrimidine— corresponds to one only possible 
complex type, which is also in keeping with the known 
chemistry of formaldehyde namely, a condensation 
product of the structure R-CH,-R. The most probable 
site of reaction with formaldehyde is the amino group. 
A similar condensation product with formaldehyde is 
given by “-aminopyridine [5]. In the compound thus 
formed the methylene bridge binds the two pyrimidine 
bases through the “-amino groups. Such a bridge-form 
can also be suggested as the final product of the present 
reaction, particularly as a possible intermediate—the 
hydroxymethyl derivative was shown to be a very 
probable reaction product. 


The compound obtained was thus a methylene-bis 
derivative of 2,4-dihydroxy-6-aminopyrimidine, i,e., 
methylene-bis (-6-amino-2,4-dihydroxypyrimidine)— IV. 


The product was a fine, crystalline powder. Its 
melting point was not reached at 380°. The structure 
was verified by analysis. 


Found: 31.54% N. CoH yO.Ng, calculated % N, 31.57. 


Decomposition of the compound in boiling con- 
centrated sulfuric acid with simultaneous distillation 
resulted in partial CH,O recovery. When a 5x 10 *M 
solution of the compound was boiled in 27% H,SO,, 
48.4% of the theoretically expected amount of form- 
aldehyde was actually distilled over. The compound 
was not soluble in lower concentrations of acid, while 
in higher concentrations the losses of formaldehyde in- 
creased, 

The pyrimidine component of the compound was 
demonstrated spectrophotometrically by its absorption 
spectrum (Fig. 2), which showed the characteristic peak 
in the ultraviolet. The solubility of the bases in sulfuric 
acid was considerably higher than in water, which, in 
2,4-dihydroxy-6-aminopyrimidine, is due to the amino 
group in position 6 (cf. the solubility with that of uracil 
—Table 2). The practical insolubility of the methylene-bis 
compound in either water or sulfuric acid further sug- 
gests that the condensation involved the binding of the 
6-amino group. 

Only traces of methylene-bis(-6-amino-2,4-dihy- 
droxypyrimidine) could be detected spectrophotometrically 
in a saturated aqueous solution of this compound. A 
2.5% 107° M solution, for spectrophotometry purposes, 
could only be obtained by dissolving it in 33% sulfuric 
acid. The compound was soluble in alkali and was eth- 
anol-insoluble., 


> 
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Fig, 2. The absorption spectra of uracil (I), 2,4-dihydroxy-6- 
-aminopyrimidine (II) and of the complex (IIL) of (II) with 
formaldehyde. Molar concentrations of compounds: Uracil 
and 2,4-dihydroxy-6-aminopyrimidine— 5 x 107, the complex— 
—2,5x 107°. All extinctions were determined in 33% H,SO4. 





TABLE 2. The Solubility of 2,4-Dihydroxy-6-aminopyrimidine 
and of its Methylene-bis Derivative in Water and in 1N HCl 


at 25°( in moles/ liter) 


Compound 


Uracil 


2,4-Dihydroxy-6-aminopyrimidine | 
Methylene -bis(-6-amino-2,4-dihy- | 


droxypyrimidine 


' 


In water ‘In 1N HCl 


1 
| 
| 
7 


0.0285 
0.0031 


0.0275 
0.0866 


0.0000 | 
| 0.0000 
‘ 


Note. The concentration of the compound in saturated solution 
was determined by nitrogen analysis. 


DISCUSSION 


The assumption that the interaction of nucleic acids 
with formaldehyde results (in analogy with formaldehyde- 
protein interaction) in the formation of methylene 
bridges [3] is in accordance with the fixative and sta- 
bilizing effect of formaldehyde on biological substrates. 
This action, which resulted in the wide theoretical and 
practical application of formaldehyde in biology (mor- 
phology and immunology), is also a priori the most likely. 
The formation of the methylene bridges is, as a rule, 
always preceeded by the formation of the labile hy- 
droxymethyl compound. In the case of nucleic acids the 
existence of neither type of derivative had been demon- 
strated, 

The results of the present work demonstrate the 
formation of hydroxymethyl and metylene bridge deriv - 
atives (of the type R-CH,-R) by the interaction of form- 

aldehyde with the purine and pyrimidine bases which 
make up nucleic acids, or with close analogs of these 
bases. It is of interest that the amino groups of these 
bases which, in a number of their properties, are atypical 
behave in the reaction with formaldehyde as typical 
amines, 

Understandably, the present results cannot be taken 
as direct evidence for the formation of hydroxymethyl 
or methylene bridge derivatives of the type R-CHg-R in 
the interaction of formaldehyde with nucleic acids, but 
the feasibility of this reaction has been demonstrated. 

In this connection it is of interest to note that during the 
interaction of formaldehyde with nucleic acids,the 
functional groups that bind formaldehyde are the same 
amino groups [1, 3]. (The hydrogen atoms of the ring 
nitrogens, which can interact with formaldehyde in the 
case of free prrines and pyrimidines, are substituted in 
the nucleic acids .) 

The analogy with nucleic acids in the case of 2,4- 
dihydroxy-6-aminopyrimidine requires special consider- 
ation. The reaction of formaldehyde with this compound 
resulted in the formation of a stable product of the type 
R-CH2-R. The formation of a stable bond between form - 
aldehyde and the amino groups of a synthetic cytidine 
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polynucleotide has been demonstrated by Staehelin [3]. 
Thus formaldehyde reacts in aqueous solution with both 
2,4-dihydroxy-6-aminopyrimidire and with the cytidine 
polymer by binding the same group~the 6-amino group. 
—with the formation, in each case, of stable, and possibly 
identical, bonds. 

The components of nucleic acids other than purines 
and pyrimidines were only studied in the present work as 
a side issue, inasmuch as they were affected by the inter- 
action of formaldehyde with the bases themselves. How- 
ever, Certainconclusions can already be made with re- 
spect to those components. Nucleosides and nucleotides 
reacted with formaldehyde through the amino groups of 
the purine and pyrimidine bases; the ribose moieties made 
practically no contribution to the binding of formaldehyde 
in aqueous solutions. Under the same condition ribose 
itself binds very little formaldehyde, which is in ac- 
cordance with the known properties of sugars [6]. 


SUMMARY 

A method for the determination of free formaldehyde 
in the presence of its complexes with a number of amino 
and hydroxy derivatives of purine and pyrimidine bases 
has been developed and used for the demonstration of 
sucy complex formation in aqueous solutions, The re- 
action was shown to involve the freely mobile hydrogens 
associated with the ring nitrogens in positions 9 (or 7) 
of the purines and, possibly, with the nitrogen in position 
3 of uracil and thymine. The condensation of formalde- 
hyde with purines and pyrimides was shown to be easily 
reversible, The results suggest that the labile complexes 
formed are hydroxymethyl derivatives. 

The reaction of formaldehyde with 2,4-dihydroxy-6- 
-aminopyrimidine resulted in the formation of a meth- 
ylene-bis-amine , methylene-bis(-6-amino 2,4-dihy- 
droxypyrimidine), which crystallized out, 

The results obtained with the purine and pyrimidine 
derivatives lend further support to the view that the inter- 
action between formaldehyde and nucleic acids results 
in the formation of hydroxymethyl derivatives and meth- 
ylene bridges which link the free amino groups of the 
bases, 
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In connection with the widespread use of the chro- 
matographic method in biochemical investigations there 
has arisen a strong need for an apparatus for automatic 
placing of spots on chromatographic paper. Below we 
describe an apparatus which permits automatic placing 
on chromatographic paper of any number of spots simul - 
taneously. These spots can be placed with any quantity 
of liquid. 

Performing Mechanism 


The chromatographic paper was placed in a mobile 
system (Fig. 1) consisting of two plastic plates 1 and 2 
and fastened with two clamps 3 and 4 fixed to the lower 
part of plate 1. Plates 1 and 2 were connected with 
each other by the hinges 5, 6 whose axis was at the same 
time the axis of the mobile system. The mobile system 
was fastened by screws 7 and 8 to the brackets 10, 11 of 
the plastic support 12. The micropipets were placed on 
the platform 13 and were held in grooves by braces 14, 
15 with special springs. The axis of rotation of the 
platform coincided with the ends of the micropipets so 
that when its slope was changed the position of the point 
of contact of the ends of the micropipets with the paper 


did not change. In plates 1, 2 of the mobile system, 
against the ends of the micropipets, there were openings 
16-20 with a diameter of 20 mm for deposit and drying 
of the spots on the chromatographic paper. A magnet 
21 was fastened to the support 12. 

For the magnet we used a high-ohm electromagnetic 
relay with an extended armature 22 which clamped the 
mobile system to the micropipets. Charging of the 
electromagnet was controlled by the electronic scheme 
described below. When the magnet was shut off, the 
mobile system, under the influence of gravity,drew back 
3 mm from the pipets. For the simultaneous and even 
drying of all the spots, tubes 23-26 were fixed on the 
support 12 against the openings 16-20; these were con- 
nected with air by plastic tubes. 


Electronic Scheme 


With this scheme (Fig. 2) voltage is supplied to the 
electromagnet (Fig. 1, 21) whose armature moves the 
mobile system (Fig. 1, 1 and 2) forward 3mm. With 
such a position of the mobile system the micropipets 
are set on the horizontal platform 13 in such a way that 
their ends are in contact with the chromatographic 
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Fig. 1. Construction of the apparatus for automatic 
placing of the spots on chromatographic paper. 
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Fig. 2, Electronic scheme for control of the apparatus for automatic 
placing of spots. 1) Transformer LS-2; 2,3,4, and 5) DGTs-27; 6 and 
7) choke coils; Ky and Kg) contacts of relay Ryo; Kg and K,) tumbler 
switches; Cy, Cy, Cg, and C4) 2 microfarad (450 v); Cs) 80 microfarad 
(450v); Cg) 20 microfarad (450 v); C7) 0.5 microfarad (paper); Cg) 32 


microfarad (paper); Ry and R,) 5 kohms 


(wire); Rg) 1.5 mu ohms 


(variable); Rg 0.2 ohms; Rs) 4.7 » ohms (variable); Rg) 1 » ohm; 
R7z) 100 ohms; Rg) 5 kohms; Rg) 10 kohms (variable); L)4 6N7; yd 


€N7; Lg and Ly) SG4, 


paper but do not deform it. The tumbler switch K, breaks 
the connection which maintains the negative voltage to 
the grid of tube T,, and only after this does the platform 
13 with the micropipets gain the angle of slope required 
for emptying the liquid. 

The condensor C; begins to discharge through the 


resistances Rg and Ry. During a time-interval determined 
by the magnitude of Cz, Rg, and Ry, the condenser Cy is 
discharged and the tube T, is activated; then the electro- 
magnetic relay Ryo included in the anode circuit of tube 
Ty operates. As it operates, the relay breaks two circuits. 
The first contact of the relay Ry switches off the 
mechanism which operates the electromagnet so that 
the chromatographic paper draws away from the micro- 
pipets. Hence Cy, Rg and Ry determine the time of con- 
tact of the chromatographic paper with the micropipets 
and also the slope of the micropipets. Since Ry and C7 
have constant values, the time of contact is determined 
by varying the resistance Rg. In our scheme it is regulated 
in fractions of seconds up to two seconds. 
The second contact, Kg of the relay Ryo removes 
the negative charge from the grid of tube Lz. Through 
a time interval determined by Cg, Rs, and Rg tube Ty is 
activated and relay Ry supplies negative voltage to the 
grid of tube Tj; then T, is shut off,and contacts Ky and 


Kg are closed, supplying negative voltage to the grid of 
Tz and voltage to the mechanism which operates the 
electromagnet. Hence, the values for Cg, Rs, and Rg 
determine the time between the contacts of the chro- 
matographic paper with the micropipets needed for 
drying the chromatographic paper. Cg and Rg have con- 
stant values. Therefore the time between the two con- 
tacts is determined by varying the resistance Rs. In our 
scheme, this time is regulated up to ten min. 

The negative voltage impressed on the grid of tube 
Tz shuts it off; then the contacts of relay Ryy are broken, 
cutting the negative voltage from the grid of tube Ty. 
Thus the cycle is completed and the scheme returns to 
the starting position. 


SUMMARY 


We have suggested an apparatus for automatic 
placing of spots on chromatographic paper, employing 
an electronic scheme. The electronic scheme permits 
regulation of the duration of contact of the micropipets 
with the paper, which controls the diameter of the spots, 
and also the interval between placings which is needed 
for drying the spots. 

The authors express thanks to mechanic V, Peigan 
who took part in constructing the apparatus. 
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Translated from Biokhimiya Vol. 25, No. 3, p. 573, 
May-June, 1960 


In the journal Biokhimiya No. 6, 1959, was published 
the first announcement of the Fifth International Biochem- 
ical Congress, which contained the conditions for the 
visits of foreign students at the Congress, as arranged by 
Intourist. 

At the request of the Organizing Committee of the 
Congress, the management of Intourist has worked out 
supplementary conditions for foreign participants in the 
Congress, 

ACCOMMODATIONS 

Twenty -four rubles ($6): Two-three persons with 
wash stand (bath on the floor) and three single meals; 

Twenty-eight rubles ($7); Two persons, with bath 
and three meals; 

Thirty -two rubles ($8): One person with bath and 
three meals, 

Accommodations are provided for meeting and for 
bus trips for group visits (groups of not less than 20-25 
persons). 

On arrival (by individual arrangement), the cost of 

meeting and local transportation will be $5 per person. 


Participants in the Congress arriving from France 
can take the Soviet steamship of the regular line from 
Le Havre to Leningrad, or the railroad from Paris to 
Moscow, It is also possible to organize trips by special 
train. In this case, participants in the Congress can ob- 
tain a deduction by fulfilling the conditions of the French 
Railroads for special trains. 

Participants in the Congress arriving from England 
can take any one of three Soviet steamships of the reg- 
ular line from London to Leningrad or can proceed by 
direct train from Hook of Holland to Moscow. 

Participants in the Congress who purchase the above- 
mentioned tours can obtain by separate fee the services 
of an interpreter, excursions, and autos, with payment 
in rubles at the existing Moscow rates, It is then possi- 
ble to exchange currency at the favorable (tourist) rate, 
for example, ten rubles for one dollar. 

Detailed information on questions connected with 
arrival and services for foreign students, participants in 
the Congress, can be obtained at tourist offices of 
agents of Intourist. 
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Agrobiol, 

Akusherstvo i Ginekol. 
Antibiotiki 

Aptechnoe Delo . 

Arkh, Anat. Gistol, 1 Embriol, 


Arkh. Biol. Nauk SSSR 

Arkh. Patol. 

Biofizika 

Biokhimiya 

Biokhim, Plodov i Ovoshchei 
Bot. Zhur. 

Byull, Eksptl, Biol, 1 Med, 


Byull. Moskov. Obshchestva Ispytatelei 
Prirody, Otdel Biol, 

Doklady Akad, Nauk SSSR 
ptl, Khirurg. 

Farmakol, i Toksikol. 

Farmatsiya 

Fiziol, Rastenii 

Fiziol. Zhur. SSSR 
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Problemy Gematol, 


Problemy Tuberk. 
Sovet. Med. 

Sovet. Vrachebny Zhur. 
Stomatologiya 


[Biological Sciences] 


Journal* 


Agrobiologiya 

Akusherstvo 1 Ginekologiya 

Antibiotiki 

Aptechnoe Delo 

Arkhiv Anatomii Gistologii 1 Embriologii 


Arkhiv Biologicheskikh Nauk SSSR 

Arkhiv Patologti 

Biofizika 

Biokhimiya 

Biokhimiya Plodov i Ovoshchei 

Botanicheskii Zhurnal 

Byulleten Eksperimentalnoi Biologii 1 Meditsiny 


Byulleten Moskovskogo Obshchestva Ispytatelei 
Prirody, Otdel Biologicheskii 

Doklady Akademii Nauk SSSR 

Eksperimentalnaya Khirurgiya 

Farmakologiya i Toksikologiya 

Farmatsiya 

Fiziologiya Rastenii 

Fiziologicheskii Zhurnal SSSR im. L, M. 
Sechenova 

Gigiena i Sanitariya 

Izvestiya Akademii Nauk SSSR, Seriya Biologi- 
cheskaya 

Investiya Tikhookeanskogo N. I. Instituta 
Rybnogo Khozyaistva i Okeanografii 

Khirurgiya 

Klinicheskaya Meditsina 

Laboratornoe Delo (po Voprosam Meditsiny) 

Meditsinskaya Parazitologiya i Parazitarnye Bolezni 

Meditsinskaya Radiologiya 

Medichnii Zhurnal Ukrainskii 

Mikrobiologiya 

Mikrobiologichnii Zhurnal 

Nevropatologiya, Psikhyatriya i Psikhogigiena 

Ortopediya, Travmatologiya i Protezirovanie 

Parazitologicheskii Sbornik 

Pediatriya 

Pochvovedenie 

Priroda 

Problemy Endokrinologii i Gormonoterapii 


Problemy Gematologii i Perelivaniya Krovi 


Problemy Tuberkuleza 
Sovetskaya Meditsina 
Sovetskii Vrachebnyi Zhurnal 
Stomatologiya 


* BRITISH-AMERICAN TRANSLITERATION SYSTEM. 


Translation 


Agrobiology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Antomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journal of Botany 

Bulletin of Experimental Biology and 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

L M, Sechenov Physiology Journal USSR 


Hygiene and Sanitation 

Bulletin of the Academy of Sciences USSR, 

Biology Series 

Bulletin of the Pacific Ocean Scientific 
Institute of Fisheries and Oceanography 

Surgery 

Clinical Medicine 

Laboratory Work (on Medical Problems) 

Medical Parasitology and Parasitic Diseases 

Medical Radiology 

Ukrainian Medical Journal 

Microbiology 

Microbiology Journal 

Neuropathology, Psychiatry and Psychohygiene 

Orthopedics, Traumatology and Prosthetics 

Parasitology Collection 

Pediatrics 

Soil Science 

Nature 

Problems of Endocrinology and Hormone 
Therapy 

Problems of Hematology and Blood Trans- 
fusion 

Problems of Tuberculosis 

Soviet Medicine 

Soviet Physicians Journal 

Stomatology 
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Abbreviation 


Terap, Arkh. 

Trudy Gelmint, Lab. 
Trudy Inst, Genet, 
Trudy Inst. Gidrobiol. 
Trudy Inst. Mikrobiol. 
Trudy Inst. Okean. 


Trudy Leningrad Obshchestva Estestvoisp. 
Trudy Vsesoyuz. Gidrobiol. Obshchestva 
Trudy Vsesoyuz. Inst. Eksptl. Med. 


Ukrain. Biokhim. Zhur. 
Urologiya : 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biol. 
Vestnik Akad. Med. Nauk SSSR 


Vestnik Khirurg. im, Grekova 
Vestnik Leningrad, Univ. Ser. Biol. 


Vestnik Moskoy, Univ., Ser. Biol. i 
Pochvov. 

Vestnik Oftalmol, 

Vestnik Oto-rino-laringol. 

Vestnik Rentgenol. { Radiol. 

Vestnik Venerol, 1 Dermatol. 

Veterinariya 

Vinodelie i Vinogradarstvo 

Voprosy Klin. 

Voprosy Med, Khim. 

Voprosy Med. Virusol. 

Voprosy Neirokhirurg. 

Voprosy Onkol. 

Voprosy Pitaniya 

Voprosy Psikhologii 

Voprosy Virusologtii 

Vrachebnoe Delo 

Zay. Lab. 

Zhur. Mikrobiol., Epidemiol. i 
Immunobiol. 

Zhur. Nevropatol. i Psikhiat. 


Zhur. Obshchei Biol. 
Zhur. Vysshei Nerv. Deyatel. 


Zool. Zhur. 


Journal 


Terapevticheskii Arkhiv 

Trudy Gelmintologicheskoi Laboratoriya 

Trudy Instituta Genetiki 

Trudy Instituta Gidrobiologiya 

Trudy Instituta Mikrobiologiya 

Trudy Instituta Okeanologiya, Akademii Nauk 
SSSR 

Trudy Leningrad Obshchestva Estestvoispytatelei 


Trudy Vsesoyuznogo Gidrobiologicheskogo 
Obshchestva 

Trudy Vsesoyuznogo Instituta Eksperimentalnoi 
Meditsiny 

Ukrainskii Biokhimichnii Zhurnal 

Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biologiya 

Vestnik Akademii Meditsinskikh Nauk SSSR 


Vestnik Khirurgii imeni Grekova 

Vestnik Leningradskogo Universiteta, Seriya 
Biologii 

Vestnik Moskovskogo Universitera, Seriya 
Biologii 1 Pochvovedeniya 

Vestnik Oftalmologii 

Vestnik Oto-rino-laringologiya 

Vestnik Rentgenologii i Radiologii 

Vestnik Venerologii 1 Dermatologii 

Veterinariya 

Vinodelie i Vinogradarstvo SSSR 

Voprosy Klinicheskie 

Voprosy Meditsinskoi Khimii 

Voprosy Meditsinskoi Virusologii 

Voprosy Neirokhirugii 

Voprosy Onkologii 

Voprosy Pitaniya 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrachebnoe Delo 

Zavodskaya Laboratoriya 

Zhurnal Mikrobiologii, Epidemiologii i 
Immunobiologii 

Zhurnal Nevropatologii i Psikhiatrii imeni 
S. S. Korsakov 

Zhurnal Obshchei Biologiya 

Zhurnal Vysshei Nervnoi Deyatelnosti imeni 
L P. Pavlova 

Zoologicheskii Zhurnal 


Translation 


Therapeutic Archives 

Transactions of the Helminthology Laboratory 

Transactions of the Institute of Genetics 

Transactions of the Institute of Hydrobiology 

Transactions of the Institute of Microbiology 

Transactions of the Institute of Oceanology, 
Academy of Sciences, USSR 

Transactions of the Leningrad Society of 
Naturalists 

Transactions of the All-Union Hydrobiological 
Society 

Transactions of the All-Union Institute of 
Experimental Medicine 

Ukrainian Biochemical Journal 

Urology 

Progress in Biochemistry 

Progress in Contemporary Biology 

Bulletin of the Academy of Medical Science 
USSR 

Grekov Bulletin of Surgery 

Journal of the Leningrad Univ., Biology Series 


Bulletin of the Moscow University, Biology and 
Soil Science Series 

Bulletin of Ophthalmology 

Bulletin of Otorhinolaryngology 

Bulletin of Roentgenology and Radiology 

Bulletin of Venereology and Dermatology 

Veterinary Science 

Wine-Making and Viticulture 

Clinical Problems 

Problems of Medical Chemistry 

Problems of Medical Virology 

Problems of Neurosurgery 

Problems of Oncology 

Problems of Nutrition 

Problems of Psychology 

Problems of Virology 

Medical Profession 

Factory Laboratory 

Journal of Microbiology, Epidemiology, and 
Immunobiology 

S. S. Korsakov Journal of Neuropathology and 
Psychiatry 

Journal of General Biology 

L P. Pavlov Journal of Higher Nervous 
Activity 

Journal of Zoology 





PROCEEDINGS OF THE ALL-UNION SCIENTIFIC AND TECHNICAL 
CONFERENCE ON THE APPLICATION OF RADIOACTIVE ISOTOPES 
MOSCOW, 1957 


ee 


Application of Radioactive Isotopes in Biochemistry and 
the Study of Animal Organisms 


Jan.-Feb., 1959 heavy paper covers 20 papers, 
illustrated $50.00 


Application of Radioactive Isotopes in the Food 

and Fishing Industries and in Agriculture 

Jan.-Feb., 1959 heavy paper covers 16 papers, 
illustrated $30.00 


Application of Radioactive Isotopes in Microbiology 
Jan.-Feb., 1959 heavy paper covers 5 papers, 
illustrated $12.50 


Radiobiology 
Jan.-Feb., 1959 heavy paper covers 37 papers, 
illustrated $75.00 


SPECIAL PRICE for the 4-VOLUME SET $125.00 


Individual volumes may be purchased separately 


The utilization of isotopes and radiation in biology, 
medicine, and agriculture is covered in 78 reports. 
Included in these significant papers are the latest 
Soviet techniques in the action of radiation on the 
living organism for the purpose of producing directed 
changes in plants and animals, curing of human ill- 
nesses and the utilization of isotopes as tagged atoms 
in the study of vital processes. Every biologist, chem- 
ist, health physicist, and physician employing the 
techniques should have access to this outstanding 
reference work. 


Note: Individual reports from each volume are 
available at $12.50 each. We will gladly supply 
a detailed table of contents upon request. 


CONSULTANTS BUREAU 


227 WEST 17TH STREET. NEW YORK 11.N_ Y 





more collected reports mn... 


Soviet 


Pharmaceutical 


".. .a storehouse of 
factual references" 


THIS VALUABLE COLLECTION of translations 
not only gives researchers a more intimate in- 
sight into the thinking, methodology, and trends 
of the Soviet medicinal and pharmaceutical chem- 
ists, but it also reports significant contemporary 
advances in pharmaceutical research. 


These 109 selected papers from the 1956 issues 
of Journal of Applied Chemistry, Bulletin of the 
Academy of Sciences-Division of Chemical Sci- 
ences, Journal of Analytical Chemistry, Colloid 
Journal, and Journal of General Chemistry will 
be a valuable addition to all medical and phar- 
maceutical libraries and should be accessible to 
all researchers in the field. Sections may be pur- 
chased separately as follows: 


"At a time when the Western World eyes the 
achievements of science in the U.S.S.R. with a 
mixture of admiration and apprehension, it is 
gratifying to be able to read the Englishtranslation 
of hundreds of Russian articles in the fields of 
Pharmaceutical Chemistry (Vol. 1), Pharmacognosy 
(Vol. 2), and Medicinal Chemistry (Vol.3)... In 
the application of quantitative physical measure- 
ments to problems of pharmacy, the careful re- 
cording of data and their evaluation can be termed 


SOVIET PHARMACEUTICAL RESEARCH (1949-55) 


| Pharmaceutical Chemistry: 
Solubility 
Stability 
lon Exchange 
Emulsions 
Suspensions 
Gels 
Miscellaneous 
(74 papers) eeccscccccccese $ 95.00 


Research 


SOWIE researc fn 
PHARMACEUTICAL CHEMISTRY 


1DS5O 


| Pharmaceutical Chemistry: 
lon Exchange 
Miscellaneous 
(22 papers) 

ll Medicinal Chemistry: 
Anti-infective compounds 
Steroids and related compounds 
Heterocyclic compounds 
Miscellaneous 
(70 papers) 

ll Pharmacognosy: 

Alkaloids 
Miscellaneous 
(17 papers) 


THE COMPLETE COLLECTION $60.00 


excellent. American pharmaceutical investigators 
will have much to learn from these researches 
(Vol.1)... Libraries of departments of medicine, 
chemistry, and pharmacy in universities and the 
pharmaceutical industry will find it essential to 
acquire the books, and for some specialists the 
pertinent volumes may become a storehouse of 
factual references."—Alfred Burger in Journal 
of Chemical Education 


1! Pharmacognosy: 
Alkaloids 
Oils 
Glycosides 
Miscellaneous 
(87 papers) eeccccccccccccsecceces 970.00 


il Medicinal Chemistry: 
Structure-Activity Relationships 
General 
(91 papers) eccccccceccecesees 100.00 


THE COMPLETE COLLECTION ..cecceeces $200.00 


NOTE: Individual papers from each collection are available at $7.50 each. Tables of contents sent upon request. 
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